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The C-E Unit shown above is presently under construction for the 
River Rouge Station of The Detroit Edison Company at River 
Rouge, Michigan. 

This boiler is designed to serve a 260,000 kw turbine-generator 
operating at a throttle pressure of 2000 psig at maximum rated 
capacity with a primary steam temperature of 1050 F, reheated to 
1000 F. 

It is of the controlled-circulation, radiant reheat type with a 
separated furnace arrangement. Secondary superheater surface is at 
the outlet of one furnace and reheater surface at the outlet of the 
other. Primary superheater sections and economizer surface follow 
both the secondary superheater and reheater surfaces. Regenerative 
air heaters follow the economizer surfaces. The section shown above 
is taken through the superheater furnace. 

Pulverized coal firing is employed, using bowl mills and tilting, 
tangential burners. Arrangements are made to use oil as an alter- 


nate fuel 
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!-R BOMLER-FEED PUMPS 


meet the exacting needs of the Public Service Company of Indiana, Inc. 


WABASH RIVER STATION 


HE INGERSOLL-RAND double-case boiler-feed 
5 yorenon shown above are typical of eight identical 
units serving the four high-pressure steam generators 
at the new Wabash River Station, engineered by Sargent 
and Lundy, for the Public Service Company of Indiana, 
Inc. Each of these nine-stage pumps delivers 1,760 gpm 
against a head of 4,450 ft. The 2,500 hp motor driver is 
hydraulicaily coupled to the pump for smooth variable 
speed control. Two pumps serve each of the four gen- 
erating units. 

Three additional eleven-stage pumps are now on 
order for Unit No. 5 which is expected to be in opera- 
tion in the spring of 1956 

The cylindrical double-case construction of these 
Ingersoll-Rand pumps permits equalized expansion in 
all directions when operating at high temperatures, 
thus meeting the highest standards of 
overall dependability and sustained high 
efficiency 

Your I-R pump specialist will be glad 
to give you complete details 





Other Ingersoll-Rand Equipment 


at Wabash River Station 


Filtered w tor pumps, rated 

500 gpm, '/0 ft. TOH 

Vertical heater drain pumps, rated 
210 gpm, 520 ft. TOH 

lubricating woter pumps, rated 

50 gpm, 75 ft. TOH 

Evaporator feed pumps, rated 

100 gpm, 310 ft. TOH 

Vertical service water pumps, rated 
7,000 gpm, 129.8 ft. TOH 

Service woter pumps, roted 

4,000 gpm, 231 ft. TOH 

Ash sivice water pumps, rated 


1,000 gpm, 230 ft. TOH 


-Rand 


Cameron Pump Division 
11 BROADWAY, NEW YORK 4, N. Y 


AIR & ELECTRIC TOOLS GAS & DIESEL ENGINES VACUUM EQUIPMENT ° TURBO-BLOWERS 
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this 


package boiler maker 
selects 
Yarway Blow-Off Valves 


The Wickes Boiler Co. selects Yarway Seatless 
Blow-Off Valves to make their good package-type 
boiler even better. 

Most package boiler users insist on Yarways 

. and most boiler manufacturers supply them. 

This acceptance is growing fast. Dependability 
and low maintenance are two of the reasons. Rug- 
ged, safe Yarway Seatless Blow-Off Valves have 
no seat to score, wear, clog or leak. 

Yarway Blow-Off Valves are used today in over 


16,000 boiler plants. Many of these valves have 
been in continuous service 20, 30 and 40 years. 

For the full story on blow-off valves to meet 
your pressure requirements, write for Yarway 
Bulletin B-426. 


YARNALL-WARING COMPANY 


100 Mermaid Avenue, Philadelphia 18, Pa. 
Brancu OFrices in Principat Cities 


BLOW-OFF VALVES 
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Clear, Continuous Records without 
Poisoning ...on the New Bailey Recorder 


% Faithful chart records of measured variables are the key to a meaningful, depend- 
able analysis of operating trends and conditions. Money spent for more accurate 
metering, for faster response, is money down the drain—uniless it’s matched with 
chart records that are equally accurate. 

That's why these features of the new Bailey Recorder are important to you: 

|. Bailey's exclusive sealed capillary-action inking system maintains continuous flow 
to the pen tip, and traces sharp, opaque, quick-drying records. “Poisoning” of inter- 
secting records is practically eliminated; no blots or smears during operation or 
chart changing. 

2. Pens are mounted on concentric centers, trace on parallel time arcs only 42/1000” 
apart. This simplifies analysis of two or more records. 

3. Interchangeable plug-in receiver units permit practically limitless record-grouping 
combinations 


Write for Product Specification £12-5 and actual chart sample. 





ONLY BAILEY OFFERS ALL THESE 
ADVANTAGES IN A SINGLE RECORDER 


© Pre-cetibrated plug-in receiver units 

© Up te four pneumatic or electronic receivers — 
—er twe receivers and two integrators nil 4 - 
Any few veriebles on one chort—easily C a ge 
reed and interpreted 1025 IVANHOE ROAD APERATUR 


A full year's ink supply at one loading 
Foster shipment— trem stock 
Minimum inventory ef perts 


Minimum instrument investment for process Controls for Power aad Pr0cess 


cycte expansion or alteration 
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“Buffalo” Induced Draft Fan Installed im 1925 


WHERE LONG-WINDEDNESS is a virtue! 


The place where long-windedness 
is a prime virtue is in your boiler 
draft equipment. While the ever- 
lasting draft fan is yet to be in- 
vented, it is certainly true that the 
longer a fan can stand up under 
the beating of draft service, the 
more money you're saving. 
That's why we've always concen- 
trated on building long life into 
“Buffalo” Fans. Consider these “Q” 
Factor* features that explain the 
number of 30-year “Buffalo” Fans 
still on the job: 


e Heavy steel plate blade and 
housing construction to stand heat 


and erosion. 

e Low rotor scrubbing velocities, 
due to efficient modified backward 
curved blades. 

e Strong rotor with stiff center 
plate — massive hub. 

e Oversize alloy steel shafts with 
integral thrust collars. 

e Low bearing pressure and large 
oil reservoir. 


e Quick-opening access doors 


and removable bolted, sectional 


housing. 


e Stable performance under 


widely varying load conditions. 


The “Buffalo” Draft Fan you buy 
today embodies the finest and lat- 
est features for long life, perform- 
ance and economical maintenance 
developed in our 78 years. It will 
pay you to write for Bulletin 3750 
today and get all the facts. 


*The “QO” Factor — the built-in Quality which provides trouble-free satisfaction and long life. 


BUFFALO FORGE COMPANY 


170 MORTIMER STREET 


BUFFALO, N.Y. 


PUBLISHERS OF “FAN ENGINEERING” HANDBOOK 
Canadian Blower & Forge Co., Led., Kitchener, Ont. 
Sales Representatives in all Principal Cities 


VENTILATING AIR CLEANING AIR TEMPERING INDUCED DRAFT EXHAUSTING FORCED DRAFT COOLING HEATING PRESSURE BLOWING 
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Two major items in the Green Line that 
have been enthusiastically accepted 
in the field are: 


& GALEX AIRFOIL TYPE 
DRAFT FAN 


AERODYNE 
3 FLY ASH COLLECTOR 


The Golex Fon is avoilable in 6 designs which provide highest 
static efficiency ratings. over the widest ronge covered by 
any fan on the market. Let us send you a complete description 
of the fan, including performance data, learn how the Golex 
offers surprising savings in enrol operating costs of your 


installation. If 


PRD 
The Aerodyne Collector ceuaite solved another fly ash late 
pollution problem —for one of the largest utility plonts in the 
country—at a minimum cost, in minimum time, with o minimum 





installation problem. If your installation involves flyash — or dust 
of any kind — it will pay you to investigate the simple, versatile, 
low cost Aerodyne system. Send us a brief outline of your 
operating conditions and our dust collection specialists will tell 
you precisely what the Aerodyne has to offer. 


Green Power Plant Equipment has been serving industry in this 
country for more than fifty years. The Galex Fan and Aerodyne 
Collector are two more examples of progressive engineering 
which meets today's industrial and power plant requirements. 


FUEL ECONOMIZER COMPANY 


NEW YORK © CHICAGO © DETROIT 


Representotive in ®-incipo! Cities 


BEACON 3, NEW YORK 
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Attention to Detail is the Reason Why... 


You Get More Value When You Buy #Spemltty 


Take the nameplate pictured above . .. Actually it’s more than a mere nameplate, it's 
a carefully designed cover for an access opening in the new S-E-Co. Coal Valve. A 
fitted, molded gasket makes it absolutely dust-tight. Step construction makes the 
inside face flush with the valve interior to assure good coal flow and eliminate what 
would otherwise be a pocket to catch water and cause corrosion. Wing nuts allow 


easy and quick removal and replacement. 


Other small details that add up to a big difference are . . . stainless steel shells on the 

large ball bearing gate supporting rollers ... deep groove in pocket sheave to insure 

good tracking of chain . .. heavy hand chain that comfortably fits operators hands 

and is hot galvanized to prevent its rusting . . . lap closure of gate on all four sides 
to assure positive cutoff and ease of closing 
through standing column of coal . . . self-clean- 
ing racks and pinions. 


The best costs little more than the average and 
quickly pays for itself. For a complete list of 
the outstanding features of the new S-E-Co. Coal 


Valve write for Bulletin No. 97. 


STOCK Equipment Company 


745-C, HANNA BLDG., CLEVELAND 15, OHIO 
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Our coal bills are lower 
than they used to be. 
Are we getting 
cheaper coal? 





No. The coal may be higher priced, but it 
just costs less. 


Man, you’ve gone crazy! 
Telling me high-priced 
coal costs less. 





That’s exactly what I mean. This coal has 
less moisture and less ash. That leaves more 
usable coal in every ton. It burns better in our 
type of boiler. Add it up, and we’re getting the 
same amount of steam with a lot less coal. 


How did you find out 
about this coal? 





I asked the Chesapeake and Ohio coal peopie 
to recommend a coal that would give less smoke. 
The coal they suggested not only burns prac- 
tically smokelessly, but as you see for yourself, 
it costs less. I used to buy coal strictly on price, 
but I know better now. Picking the right coal 
for any particular set of conditions is a job for 
an expert. 


7 \ 
’ 
As 
. ow” 


. 
There's @ lot more to buying coc! 
here wt perion Wyner Chesapeake and Ohio Railway 
coal producers on the C&O to solve a 
your particulor fuel requirements, or 
write to: R. C. Riedinger, Genera! Coo! PS 
Traffic Manager, Chesapecke and Ohio WORLD'S LARGEST CARRIER OF BITUMINOUS COAL 
Rollway Company, Termina! Tower, \ 8 
Cs, 


Clevelend |, Ohio. 
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maine Great Savings 


im GAUGE MAINTENANCE 


(BOTH TIME AND COST) 


DIAMOND “Multi-Pory” 


BI-COLOR GAUGE 


SMALL The Diamond “Multi-Port” Bi-Color Gauge makes startling 
ROUND PORTS reductions in maintenance costs. In cases where accurate 
INSTEAD OF records have been kept, labor and material costs are less 
LONG GLASS AND than 1/5 the maintenance of conventional open port gauges. 
MICA STRIPS This is due to the unique design . . . note particularly the 
advantages that are pointed out on the photograph. 
The “Multi-Port” operates on the Bi-Color principle . . 
ys shows red... water always shows green. 
There can be no question of water 
level. The gauge has been in con- 
GAUGE » tinvows successful high pressure 
NEVER REMOVED operation for more than three years 
FROM BOILER FOR in leading central station plants. 
GASKET CHANGES Users report excellent readability 
OR OTHER and exceptionally high availability 
NORMAL as well as important reductions in 
MAINTENANCE maintenance. Return the coupon 
below to get a copy of Bulletin 1174. 


STEAM SHOWS RED 


COMPLETE 
PORT CHANGE 


REQUIRES EACH PORT 
ONLY ABOUT ; THERMALLY 


15 MINUTES P INDEPENDENT 


DIAMOND POWER SPECIALTY CORP. 
LANCASTER, OHIO 
Please send me without obligation a copy of new Bulletin 


DIAMOND POWER SPECIALTY CORP. HCMC Zmeeboneyrsgsteaamngzneariener 
\ “MULTI-PORT” Bi-Color Gauge. 
LANCASTER, OHIO 


RE ees: 
COMPANY 


ADDRESS ___ 
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Old hands at solving new insulation problems 


Your J-M Insulation Contractor knows the answers that 
give you a better, more economical job 


To be sure of getting the most effi- 
cient insulation for your plant or equip- 
ment, see the man with the world’s most 
complete engineering and application 
service. He's your J-M Insulation Con- 
tractor who brings to every job the ac- 
cumulation of Johns-Manville’s 95 years’ 


experience in the thermal insulation field 


J-M Insulation Engineers work hand 
in hand with J-M Insulation Contractors 
Together they have achieved outstanding 


results with some of the most intricate 


Johns-Manville 


insulation problems 
and size 


of every type 
in every industry 

J-M Insulation Contractors provide 
a complete selection of Johns-Manville 
quality materials. They will choose from 
their own stocks the best insulation for 
your conditions within the broad tem- 
perature range extending from minus 
400F to plus 3000F 

Skilled application is a major con- 
tribution your J-M Insulation Contractor 
brings to e: ery insulation job. His skilled 


mechanics have mastered the latest ap- 
plication techniques that assure you top 
quality installation give maximum 
operating economy and lower main 
tenance costs 


For undivided responsibility on al! 
your insulation requirements, call your 
J-M Insulation Contractor. Write for the 
name of the one nearest you. Address 
Johns-Manville, Box 60, New York 16, 
New York. In Canada, Port Credit, 
Ontario 


‘a INSULATION 


MATERIALS “ENGINEERING - APPLICATION 


Novernber 1955—-C OM BUSTION 





under 
the boiler 


in a steam 


it’s 9 constant-costs that count ! 


Be Thrifty! Expensive boiler installations designed to burn fuels 
with limited futures is doubtful wisdom. The sensible alternative 
is to bank on Bituminous! Plotting your costs over the long run 
will prove efficiency and lowest cost in most cases. For, 
Bituminous reserves are unlimited —they’re nearest to most 
manufacturers — coal technology improves burning equipment, 


efficiency and cost year by year. 


Let our Coal Technical Service plot a constant-low-cost 
Bituminous coal for your needs. Ask our man! 

COAL TRAFFIC DEPARTMENT, BALTIMORE & OHIO RAILROAD 
Baltimore 1, Maryland—Phone: LExington 9-0400 


BALTIMORE & OHIO RAILROAD 


BITUMINOUS COALS FOR EVERY PURPOSE 
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more performance... 
FOR SUSTAINED HIGH Ot 


more versatility... 
FOR A WIDER RANGE OF 


more dependability... 
FOR LOWER JOB COSTS! 


HD-6 


STEP UP PERFORMANCE, CUT COAL HANDLING COSTS 
WITH EXCLUSIVE HD-6 FEATURES LIKE THESE... 


Allis-Chalmers heavy-duty diesel engine with 
“follow-through” combustion for long life, low 
upkeep 
24-volt direct electric starting for convenience 
and efficiency (standard equipment) . 
Wrap-around radiator guard for maximum strength 
and protection . . . tilts forward for easy service. 
Ceramic master clutch lining lengthens clutch 
life, reduces lever pull. 
All-steel box-A main frame protects the entire 
power train, makes possible superior balance 
plus the service simplicity of unit construction 
One-piece steering clutch and final drive housing 
for maximum strength, accurate bearing and 
gear alignment. 


* Double reduction final drives (straddle-mounted 


on tapered roller bearings) provide maximum 
ground clearance. 

Roller bearing truck wheels with Positive Seals 
that keep dust and moisture out . . . grease in. 
1,000-Hour lubrication intervals for truck wheels, 
idlers and support rollers. 

Tru-Dimension tracks with new standards of 
strength and hardness throughout for extra wear- 
ability. 

Unit construction major assemblies like engine, 
clutches and final drives can be removed without 
disturbing adjacent parts 


Engine-mounted bulldozers for top performance 
and extra tractor life 
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ALLIS-CHALMERS ANNOUNCES 


~ HD-6 SERIES TRACTORS 
1D == 


...PLUS TRACTOR SHOVEL FEATURES LIKE THESE... 


Extra long track (almost 7 ft on the ground) with the tractor, not just an attachment. 
six truck wheels per side — for real stability 


; ; , ° Simple, safe hydraulic system with no exposed 
in loading, carrying, dumping. 


hoses or fittings on cowl or deck. 
New two-position bucket for easy full-capacity 


. Two-speed reverse, high foam-rubber seat and 
loading (standard equipment) . : S 


easy bucket control — for new tractor-operator 
Heavy-duty shovel assembly built right into efficiency. 


Big 2'4-cu yd bucket speeds handling of coal, other light materials 


GET ALL THE FACTS NOW FROM YOUR NEARBY ALLIS-CHALMERS DEALER 


CONSTRUCTION MACHINERY DIVISION, MILWAUKEE 1, WISCONSIN 


-CHALMERS <> 
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Ontrolling 
Cyclones 
Electronically 


CONTROL OF 
OVER 130 BOILER 
FUNCTIONS 
at Ridgeland is 
centralized on these 


Republic electronic 
benchboards. 
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at RIDGELAND 


Commonwealth Edison's Ridgeland Station near Chicago 
is the largest completely cyclone-fired power plant in 
the world. A total of 28 cyclone furnaces fire the plant's 
six boilers which together can generate enough steam 
to supply four turbine-generator units with a net capa- 
bility of 640,000 kilowatts. 


To maintain maximum firing efficiency, combustion 
conditions at each cyclone are individually controlled 
and integrated with over-all plant operation by a Republic 
Electronic Combustion Control System. The system pro- 
vides separate controls for primary air, secondary air, 
fuel feed and fuel-air ratio at each of the 28 cyclone 
furnaces in addition to controlling forced and induced 
draft fans and feedwater pumps on each boiler. All told, 
there are more than 130 individual controls which are auto- 
matically coordinated for continuous proper combustion. 


Republic Electronic Controls handle all of these func- 
tions without introducing transmission lags, complicated 
pneumatic-mechanical linkages and inaccuracies due to 
mechanical inertia into the control system. Intergration 
of control information is greatly simplified by the use of 
electronic circuits. Expensive panel piping is eliminated 
and contro! panels are easier to operate. Because trans- 
mission of control impulses is electrical, all parts of the 
control system can respond simultaneously for smooth, 
coordinated operation of the boilers. 


EE 


RIDGELAND STATION 
Stickney, tlilinois 

Units 1 and 2 consist of four 
superheat coal and gas fired boilers 
operating at 1800 psi and 1050°F. 
Units 3 and 4 consist of two 

coal fired reheat boilers operating 
at 1900 psi and 1050°F/1000°F. 


Sargent and Lundy, Consulting Engineers 


Ridgeland is but one of many modern cyclone -fired 
power plants that are equipped with Republic Com- 
bustion Controls. In fact, more cyclones are controlled 
by Republic than by any other make of controls. 


Where new developments such as cyclone furnaces 
call for new control techniques, you'll find Republic 
engineers and modern Republic equipment up to the 
task of devising combustion control systems that will 
meet the requirements of maximum efficiency, depend- 
ability and easy operation. 


Write us when your problem is combustion controls. 


=> ae ee we © o> OP ee eae 


@ FOR ALL SIZES AND TYPES OF BOILERS 
@ FOR ALL METHODS OF FUEL FIRING 

@ FOR ALL LOAD CONDITIONS 

@ FOR ALL ARRANGEMENTS OF DRAFT 


r 
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REPUBLIC FLOW METERS CO. © 220 o1verser rarnwar -cnicaco a7, win 
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ROCKWELL BUILT Edward Valves 

















































































al is? OF MATERIALS ¥ 
I QUANTITIES ARE FOR ONE VALVE a ee 
WHERE ASTM SPE ICATIONS ARE INDICATED, THE LATEST REVISION APPLIES ‘ 
.. ” Noy PE CIFICATIONS | 
T c 
NO NAME OF PIEC REG! MATERIAL SPECIFICATIONS 
y _S€at } TINTEGRAL WITH BOOY | STELLITED RR a 
ma FORGED ALLOY STEEL WITH) ASTM AlB2,GRADE FliwitH, 227 | 
F | STEL LITED SEATING FACE | 2%MAXCRHAEMO 172%) 46) } 
‘Stem LAR T aan), fa TM Al2, GRADE F6 | 212 
DISK NUT T_T TEvatLoy [ASTM Al@2,GRADE Fe | 22 | 
TEM EVALLOY ; | ASTM A182,GRADE F6 | 2 
ees L CAST STEEA C050 » MAX ASTM A2I6, GRADE WCB | 102 
CAST STEEL C0 20% MAX [ASTM A2!7 GRADE WC6 | 226 | 
6 | S800 TCAST STEEL C-O18% MAX JAS TM AZIZ GRADE WC9 | 242 | 
, } 
7 | BONNET | CAST STEEL C-O25 .MAX | ASTM A2i7. GRADE wCi | 209 
8 | PRESSURE SEAL GASKET) | ARMCO IRON. 90 BHN MAX | MALLEABLE PLATED | 506 
Pe | STEEL } eS 
) | GASKET RETAINER | EVALLOY Jas ia ee j 2:2 
| | YOKE [CAST STEEL C-O30). MAX [ASTM A216 GRADE WCB | 102 
2 |GLANO STUDS | 2 | @.Loy STEEL ASTM A193 GRADE 87 | 208 
3 |G! AND FLANGE [STEEL PLATE [AS TMAZI2 GRADE 6 [1s 
14 (AND BOLT NUT 2 | STEEL ies [astm Ai94 CLASS | OR 2.) 24 
15 | TEM GUIDE COLLAR \- [STEEL PLATE [ASTM AZi2 , GRADE B } tis 
” STEM GUIDE KEY | [STEEL cieoe SAE 102 | 
i | ASTM 8.148 ie. | 
? YOKE BUSHING i CAST BRONZE |GRADE 98-HT | 2 
+ , o19 i 
ia | PEARING WASHER | [STEEL -E VALIZED laSTM Age, GRADE | IS | 
i) | 4*.GULAR CONTACT BALL BEARINGS Waar) |] } 
O {ALEMITE FITTING [BUTTON-HEAD INDUSTRIAL TYPE j i 
21 TCROSSARM [cast STEEL C 030 Max jA5 TM A216 GRADE woe | 
22 | CROSSARM KEY STEEL [SAE 102 | : 
23 |HANOWHEEL BUSHING | | BRASS [ASTM 862 } 413 
24 |HANOWMEEL LOCKNUT | [sTee. PLATE ASTM Azi2, GRADE B | 115 
25 |iMPACTOR HANOWHEEL | | | CAST IRON la STM Al26. CLASS A | 30 
26 [BEARING WASHER | | [STEEL-EVALIZEO [ASTM A2i2, GRADE B | tS 
27 |Gis GLAND j LSTEEL. [ASTM Ai OS, GRADE B } 

“26 [BONNET RETAINER NUTS 6~ | STEEL | crear Ai94, CLASS 2H | ; 
29 BON RETAINER RING | ; | STEEL PLATE {a3 Tm AZi2,. GRACE B | ' 
LTe) OOM éT RETAINER STUDS) 6 | ALLOY STEEL _ ERA WEA ee 

Zz HIGH TEMPERATURE PACKIN | 
, ANG RINGS , 

32 | YOKE LOCK RING 1. [east STEEL EATS [ASTM Agiq GRADE woe | 102 
33 [YOKE RING STUDS 14 [ALLOY STEE TASTM A1S8,GRADE B67 | 208 
34 | YOKE RING STUD NUTS 8 (STEEL [ASTM / 194 CLASS 2 | ? 
35 DRAIN NIPPL £ HROME MOLYBDENUM 1 Di £16"? PE if ) 
EDWARD VALVES, INC. 
SUBSIDIARY OF ROCKWELL MANUFACTURING CO 
EAST CHICAGO, INDIANA 
PRESSURE SEAL BONNET —-WELDING ENDS 
DRAWN of mht DRAWING NO. 
3 oo JAN site t=] fae 
* APP’D DATE: 
Edward builds Globe and Angle Stop, Non-Return, Stop-Check, 
Check, Gate, Blow-Off, Mudline, Relief, Hydraulic, instrument, 
Gage, and Special Valves and Strainers. 











How Buell’s Unique Spiralectrodes deliver 
EXTRA DUST COLLECTION EFFICIENCY! 


Coupled with the unique spiralectrode feature is precipitation. Completely eliminates puffing, keeps 
Buell’s Continuous Cycle Rapping—the most electrodes constantly clean. Re-entrained dust is 


effective mechanism yet developed for dry dust minimized, peak efficiency is maintained. 


For the complete 
story behind Buell’s 
extra efficiency, write Dept. 70-K. 
Buell Engineering Company, 70 
Pine Street, New York 5, N. Y. 


Buell Cyclones also deliver extra effi- Buell’s Low Resistance Fly Ash Collector 
ciency, due to exclusive shave-off which combines top efficiency with low draft loss, 
harnesses double-eddy and puts it to work! for natural or forced draft installations. 
MECHANICAL 


me Experts at delivering Extra Efficiency in DUST COLLECTION SYSTEMS 
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VALVES and 
PIPE FITTINGS 


by 


WALWORTH 


These new corrosion-resistant valves and pipe 
fittings are molded of rigid polyvinyl! chloride. 
They round out complete lines of 
Walworth Valves and Fittings of Steel, Stainless 
Steel, Bronze, Iron, and Special Alloys. A brochure 
explaining the complete Walworth PVC product story has 
been prepared for your information. Just send us 
your name and address. Walworth Company, General 
Offices, 60 East 42nd Street, New York 17, New York. 
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These performance-proved features 








make Combustion’s 


today’s outstanding boiler buy for capacities 
from 50,000 to 120,000 Ib of steam per hour! 


The VU-55 — a development of Combustion’s basic Vertical 
Unit design — offers features never before available in a 
boiler of its capacity range. If your steam needs call for 
a unit in the 50,000 to 120,000-lb class, you will find it 
worth while to consider the economic and operating advan- 
tages assured by these VU-55 features: 


TANGENTIAL FIRING. More than 20 years of application 
experience have established the exceptional advantages of 
tangential firing, illustrated and briefly described below. 
About 90 percent of Combustion’s large utility installations 
use this advanced method of firing. 


DOUBLE WALL, PRESSURIZED CASING. The latest devel- 
opment in casing construction for pressure firing of boilers 
in the size class of the VU-55, this casing, as illustrated and 
described below, is designed to assure life-time tightness 
with minimum heat loss. Pressure firing permits the elimi- 


nation of an induced draft fan with its attendant operating 
and maintenance costs. 


TANGENT FURNACE TUBES. The VU-55’s furnace tube 
arrangement provides complete heat-absorbing, water- 
cooled protection on all furnace walls. Furnace maintenance 
is minimized, refractory expense is eliminated, heat absorp- 
tion rates per sq ft are higher. 


HIGH STEAM QUALITY. Equipped with a large (60-in.) 
steam drum, the VU-55 has generous water capacity and 
steam reservoir space. C-E drum internals assure high 
quality steam at all ratings. 

STREAMLINED EXTERIOR. The over-all appearance of the 
VU-55 reflects the efforts of its designers to achieve a 
corhpletely unobstructed casing, while retaining adequate 
access wherever required and every facility for convenient 
operation. There are no outside downcomer tubes, and ducts 
from air heater to burners are beneath the furnace floor. 


Your request for further information on the VU-55 Builer will receive prompt attention. 

















PLAN VIEW OF FURNACE showing arrangement of burn- 
ers for tangential firing. Flame streams from the four 
burners impinge upon one another at high velocity, creat- 
ing a turbulence unottainable by any other method of 
firing. The result is rapid and complete combustion. As 
the goses spiral upward, they sweep all furnace heating 
surfaces, assuring a high rate of heat absorption. 


PERSPECTIVE OF FURNACE WALL. Construction consists 
of tangent tubes backed up successively by welded steel! 
panels, 4 inches of high quality insulating material and 
an outer steel casing formed as shown to provide ode- 
quotely for expansion and assure ample strength. Low 
heat loss and the tightness required for pressure firing ore 
ossured by this welded, double-wall construction. 


COMBUSTION ENGINEERING 


Combustion Engineering Building, 200 Madison Avenue, New York 16, N. Y. 
CANADA: COMBUSTION ENGINEERING-SUPERHEATER LTD. 8-870 
+ 


STEAM GENERATING UNITS; NUCLEAR REACTORS; PAPER MILL EQUIPMENT; PULVERIZERS; FLASH DRYING SYSTEMS; PRESSURE VESSELS; DOMESTIC WATER HEATERS, SOIL PIPE 
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Now watch combustion conditions 
every minute of the day 


... with RCA 
Industrial TV 


With RCA's new water-cooled win- 
dow—you maintain continuous ob- 
servation of flame conditions and ig 
nition—at the control panel—24 hours 
a day. High-detail picture eliminates 
the need for periodic observation of 
furnaceand checking burneroperation 


Water-cooled window can be in 
stalled at top of furnace to observe 
tangential firing—in side of furnace 
to observe direct firing. High-capacity 
blower and pump unit can serve two 


windows 


Hene’s THE ANSWER to continuous, low-maintenance, 
fail-safe observation of furnace conditions . . . high-detail 
RCA Industrial TV (ITV-5A) and the new RCA water- 
cooled window 

By using a high-efficiency circulating system, RCA 
has reduced lens temperatures at the camera below 
120° F—for stable, dependable camera operation 

The RCA Industrial TV water-cooled window is a 
reliable tool for use by your operators for continuous 
remote observation of combustion conditions. RCA 
now offers this new revolutionary equipment as a com- 





plete, engineered package to power plants—plus instal- 
lation and maintenance service 

FoR INFORMATION on RCA Industrial TV (Type 
ITV-5A), write Radio Corporation of America, Dept. 
Y-187, Building 15-1, Camden, New Jersey. 





INDUSTRIAL PRODUCTS 


RADIO CORPORATION of AMERICA 
ENGINEERING PRODUCTS DIVISION CAMDEN, WN. J. 


in Conede: RCA VICTOR Company Limited. Montreal 
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all the fixin’s—thanks to BRICK 


t, after hours of tantalizing 
g from the kitchen. Another 
mission completed by brick 
lips and trains and trucks 
‘makin’s’’. Refractory brick 


Brick built 
that broug 
It created the steel for the stove and the 
carving knife the heat for the oven 
For everyt it’s made or moved owes 
its exister refractory brick which 
contain the fi f industry 

Making the refractories 1S an exacting 


science. W you deal with temperatures 


of thousands of degrees, you can’t afford to 
guess. So General Refractories operates the 
world’s largest and most modern refractories 
research laboratory, constantly seeking prog- 
ress and perfection 

With plants and facilities strategically located 
throughout the country, General Refractories 
provides industry with a complete refrac- 
tories service dependably economically 

everywhere 

GENERAL REFRACTORIES COMPANY 
Philadelphia 2 


A COMPLETE REFRACTORIES SERVICE FOR STEAM GENERATION 


Monolithic furnace linings of Grerco plastic fire- 
brick are economical and will provide long 
uninterrupted service. Three high quality mixes 
are available for various furnace conditions with a 
selection of well engineered refractory and high 
temperature alloy metal anchors for various 
combinations and thicknesses. 


GREFCO plastics are manufactured at three stra- 
tegically located plants in Pennsylvania, Missouri 
and Georgia. Stocks are maintained for prompt 
truck delivery at all company warehouses and 
dealers in principal cities. 

When you specify GrEFCO you are assured of 
quality second to none. The world’s finest and 
best equipped refractory laboratory is constantly 
developing new products and improving old ones. 
District laboratories constantly check raw mate- 
rials and finished products. Grerco places great 
emphasis on uniform high quality. 


SUPER BRIKRAM MIX-G—a super duty quality plastic fire- 
brick with a special binder which provides an airset when 
material is air dried. Provides high strength throughout 
the entire thickness of the wall or arch. 


SUPER BRIKRAM—a plastic firebrick of super duty quality 

for furnace linings where conditions warrant the use of 

super duty quality. Has excellent resistance to spalling 
high temperatures. 


BRIKRAM 2 plastic firebrick of high duty quality. Excellent 
for patching or complete furnace linings where conditions 
not require a super duty quality refractory. 
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from Your 


@ Nalco Representatives make friends and permanent 
Nalco System users with a simple formula: honest water 
treatment service. 


You can ask your Nalco Representative questions and get 
straightforward answers ... And if you stump him, he— 
and you—can put the whole Nalco Laboratories’ and 
Service staffs to work on a plain-language plan of action to 
get you better water treatment results, most economically. 


If you are not already getting the security from water 
treatment troubles that regular calls from your Nalco 
Representative bring, call or write today for prompt action. 


Male WATER TECHS 


A paper on “A Laboratory Method 
for the Study of Steam Condensate 
Corrosion Inhibitors,” presented at 
the 8th Annual Conference, National 
Association of Corrosion Engineers, 
has been reprinted by Nalco for 
distribution to men interested in this 
problem. Your copy will be sent 


free upon request. 


NATIONAL ALUMINATE CORPORATION 
6234 West 66th Ploce © Chicago 38, Illinois 
In Canada: Alchem Limited, Burlington, Ontario 


PTS aa 


SYSTEM ... Serving Industry through Practical Applied Science 
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Consult an engineering firm 


Designing and building hundreds of heating and power installa- 
tions a year, qualified engineering firms can bring you the latest 
knowledge of fuel costs and equipment. If you are planning the 
construction of new heating or power facilities—or the remodel- 
ing of an existing installation—one of these concerns will work 
closely with your own engineering department to effect substan- 
tial savings not only in efficiency but in fuel economy over the years. 


facts you should know about coal 


in most industrial areas, bituminous coal is the lowest-cost fuel 
available. « Up-to-date coal burning equipment can give you 
10% to 40% more steam per dollar. « Automatic coal and 
ash handling systems can cut your labor cost to a minimum. 
Coal is the safest fuel to store and use. ¢ No smoke or dust 
problems when coal is burned with modern equipment. « Be- 
tween America’s vast coal reserves and mechanized coal 
production methods, you can count on coal being plentiful 


and its price remaining stable. 


. eo 


Pinehurst cuts 
fuel costs over 


33% burning coal 


the modern way 


The central power plant at the famous golfing 
resort of Pinehurst, N.C., has to furnish a reliable 
supply of steam to three hotels and seven other 
buildings. When Pinehurst recently decided to 
modernize power facilities, the consulting firm 
of Wiley and Wilson, Richmond, Va., was called 
in to study the situation. Since coal cost approxi- 
mately 40% less than the next cheapest fuel, the 
final decision called for burning coal the modern 
way. Today two new automatic stoker-fired 
boilers (only one of which is operated at a time) 
replace four 150-hp hand-fired boilers. Combus- 
tion control is automatic; coal and ash handling 
is greatly simplified. And now, according to 
management, “the cost of generating steam is 
33.4% less than with the old plant.” For further 
information or additional case histories showing 
how other plants have saved money burning 
coal, write to the address below. 


NATIONAL COAL ASSOCIATION 
Southern Building, Washington 5, D. C. 








BAYER 
STEPS UP BOILER PERFORMANCE 


DISTINCTLY 
DIFFERENT 


Bayer Balanced Valves are 
famous for their long life 
and continued tightness 


WITH THE Bayer Balanced Valve Soot Cleaner 
the balancing chamber above the piston disc 
impounds steam when the valve closes, thus 
relieving valve parts from shock. The valves 
remain steam tight because the dashpot action 
causes the valve to seat gently. Unbalanced 
valves close with a hammer stroke and soon 
become leaky 


When stationary elements are used the 
Bayer stationary balanced valve head may be 
furnished. Thus all the cleaning elements of 
the entire soot cleaner system can be controlled 
by the Bayer quick-opening Balanced valves. 
This gives a uniform or standard valve con- 


THE BAYER 


Bayer Single Chain Balanced 


Valre Soot Cleaner 


trolled system and in addition, when high pres 
sures require a reduction in pressure at each 
individual element this Balanced valve unit, 
whether used with a stationary or a revolving 
element, can be fitted with an integral orifice 
plate valve. 


Piping connections can be kept in the same 
plane and undesirable bends or fittings avoided 
when the Bayer Balanced Valve is installed with 
both stationary and revolving elements. 


Valve parts are standard and interchange- 
able and when high pressure heads are fitted 
with orifice plate regulating valves these parts 
are also interchangeable 


COMPANY 


SAINT LOUIS, MISSOURI, U.S.A. 
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FACTORS TO BE CONSIQERED IN SELECTION OF 
HIGH TEMPERATURE STEAM POWER PIPING 


MELTING AND CASTING 
HOT WORKING 


STEEL MANUFACTURE AND 
HEAT TPC4, 8 bea? NM. W. KELLOGG’S 


RAW MATERTALS 
PROCESSING FACTORS INSPEST'UF » : 
PS." EXPERIENCE WITH 
oP CIFIC COMPOSITION 


METALLURGICAL 


HOT BENDING, FORGING 
HEAT TREATMENT 


WELDING LABORATORY 


FABRICATION FACTORS POST HEAT TREATMENT 
MACHINING 


INSPECTIONS 
ACTUAL EXPERIENCE WITH “ KEEPS PACE 


SPECIFIC COMPOSITION 


HIGH TEMPERATURE 
LOAD CARRYING CAPACITY 
SERVICE tat TORS (x 1000) 
STABILITY WITH TIME 
GENERAL 


As shown above, there are many factors—all increasingly important 
to steam-electric power plants—in selecting materials for tomor- 
row’s main and reheat steam piping needs. Prepared by M. W. 
Kellogg’s metallurgical laboratory, and reproduced here only in 
part, this chart indicates the extent to which Kellogg’s metallur- 
gical laboratory supports Kellogg’s fabricating facilities in meeting 
the challenge of higher temperatures and pressures. 
One recent Kellogg assignment, by a leading public utility, is the 
problem of selecting a super alloy for main steam piping to operate 
at 5500 psi and 1200 deg. F. A testimonial to the leadership and 
experience of the M. W. Kellogg metallurgical laboratory, this prob- 
lem will include selection of special welding materials, welding 
techniques, and heat treating procedures. 
Working closely with power companies at every stage of such 
problems is the prime function of Kellogg’s metallurgical laboratory, 
and is carried through to periodic inspection of the piping in service. 
We welcome the opportunity to acquaint you with these facilities. The soundness of Kellogs’s metallurgical studies prior to 
FABRICATED PRODUCTS DIVISION fabrication is evident from the condition of the welds on 
this stainless steel power piping when inspected recently 
THE M. W. KELLOGG COMPANY, 225 BROADWAY, NEW YORK 7, N. Y. In service for 18 months at 2350 psi and 1100 deg. F., over 
The Canadian Kellogg Company, Lid.. Toronto « Kellogg International Corporation, London 70 butt welds made with Kellogg's K-Weld* process were 
SUBSIDIARIES OF PULLMAN INCORPORATED found to be in perfect condition. (Photo at power station, 
Krilogg Company Kearny, N. J., courtesy Public Service Electric & Gas Co.) 





POWER PIPING~-THE VITAL LINK 


COMBUST IO N—November 1955 





POSITIVE PROTECTION 
GREATEST ECONOMY 


\imavmm Consolidated Safety Valve cuts cost per 
pound of steam discharged...has maximum capacity 
designed into minimum flange size... reduces size 
and/or number of safety valve nozzles required on any 
boiler... saves installation and maintenance expense. 


TYPE 1511 

CAST IRON BODY Type 1511 is a new all-purpose Consoli- 

SAFETY VALVE j dated Safety Valve expressly designed 
for steam generator service. It’s a space- 
Saver ... requires less headroom and 
smaller discharge piping. The spring is 
exposed to provide stable operation and 
uniform blowdown control. Greater tight- 
ness is assured because of the precision 
lapped flat seats. Integral, double-guided 
combination adjusting ring and disc guide 
contribute to better alignment, easy 
blowdown adjustment and finer perform- 

; ance. Full range of sizes and orifices 

ACCEPTED by ule. + ‘ available. Get the whole operational and 

top industry F ou aa économy story. Bulletin 730 has complete 

an 0 groves ; details. Write for a copy. 

Consolidated s 

— SIZES: 144” through 6”. PRESSURES: Up to 250 psi. 
TEMPERATURES: Up to 450° F. All sizes except 6” available 
with oversize inlet flanges 


in Canada: Manning, Maxwell & Moore of 
Canada, Ltd., Galt, Ontario 


LIDATED SAFETY VALVES 


A product of MANNING, MAXWELL & MOORE, INC. sTRATFORD. CONN 


MAKERS OF ‘AMERICAN’ INDUSTRIAL INSTRUMENTS, ASHCROFT’ GAUGES, ‘AMERICAN-MICROSEN’ INDUSTRIAL 
ELECTRONIC INSTRUMENTS. Stratford. Conn HANCOCK VALVES, Woterfown, Moss CONSOLIDATED SAFETY RELIEF 
VALVES, Tulse, Oblo. AIRCRAFT CONTROL PRODUCTS. Denbury & Stratford. Conn. ond Inglewood, Calif SHAW .BOX 
AND ‘LOAD LIFTER’ CRANES. BUDGIT AND ‘LOAD LIFTER’ HOISTS AND OTHER LIFTING SPECIALTIES Muskegon, Mich 
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OPERATOR SAVED *440,000 


DOWELL chemical cleaning of superheater avoided 
costly retubing and two-week boiler shutdown 


Scale depo 


ot this 17 »,\ 


Win 


( ally or repiact 


shutdown, 


Instead, the 


Experienced 


techniques f 


r th , 


tailored Dowe 


operating ¢ 


ope rator, in cost 


approximate Ly 


te had 


, 


caused tube failures in the superheater 
ind-per-hour boiler. To clean mechani 
tubes would have required a two-week 
$1,700 per hour in lost production 


r chose Dowell chemical cleaning 


engineers developed special cleaning 
ndrainable superheater, then used job 
vents. The unit was restored to top 
in just 3% days. Total saving to the 


| outagé® time and replac ement parts, was 


O00! 


Dowell engineers hold downtime to a minimum by introduc- 
ing solvents through regular connections. Extensive dis- 


mantling and scaffolding are not needed. 


By removing corrosion products, chemical cleaning helps 
eliminate boiler tube failures due to overheating or galvanic 
attack. Prevent unscheduled shutdowns . keep your 
equipme nt operating at top efhiciency start a regular 
program of Dowell chemical cleaning nou 

For more information, call any of the 165 Dowell offices 
in the United States and Canada. Or write directly to 
Dowell Ine orporated, Tulsa 1, Oklahoma Department K-25. 


chemical cleaning service for industry 


A SERVICE SUBSIDIARY OF THE DOW CHEMICAL COMPANY 








made to YOUR measure 





— 
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and COLD SOFTENING 


Cochrane sa auledk chineiae 


AN APPLICATION OF COCHRANE REACTORS 


S ° i i d a = i ° | f a € t y e a € ? °o r & Oil field flooding operations require water that is con- 


ditioned to prevent precipitates and suspended matter 
from plugging the oil-producing sandstone formations. 


Efficient flooding is assured by the Cochrane Solids- 
Contact Reactor shown above. Softening and clarifice- 
tion are combined in a single unit. 

A PEW TYPICAL COCHRANE REACTOR INSTALLATIONS 


Capacity Size Reactor 
: - . . Application Die 

Coagulation and clarification of surface waters, cold lime softening of well or Oil Field Flocding Soltenin “EIU WY Ua 
surface waters, removal of alkalinity, silica, fluorides, etc., treatment of white Clarification 

: . Process Water for Softening 378,000 1-72'0"«19'6" 
water from paper to recover fibre and warm water are only a few of the many Papermill 
processes performed more efficiently—and at less cost—by a Cochrane a ened Coagulation 633,400 2-82'0"«17'0" 

“ A a “a mineralizer 

Solids-Contact Reactor. Because of the Reactor’s special “‘catalytic’’ design, Process water for Coagulation 150,000 1-47'0"«17'0" 


the newly-formed precipitates plate out and grow rapidly—provide more pepermin & Softening 
complete reactions and produce clear water in shorter time, saving in size of 
the tanks employed. Chemical savings are impressive, and water waste is 
kept to a minimum. De-sludging is completely automatic 
Cochrane Corporation designs and manufactures every type of precipita- 
tion, ion exchange, deaeration and water conditioning equipment. To obtain 
equipment best suited to your requirements—consult Cochrane first! 
For further information, write for publication 5001-A. 


Representatives in 30 principal cities in U.S.; Toronto, Canoda, Paris, Fronce; 
Le Spezia, italy; Mexico City, Mexico; Hovane, Cube; Corecess, Venervelo, 
Sen Jvon, Puerto Rico; Honolulu, Hewail 

= oO we Dp ie) » A T oO N Pottstown Metel Products Division —Custom built carbon steel and alloy 


products 


3109 WN. 17TH STREET, PHILADELPHIA 32, PA. 
NEW YORK «+ PHILADELPHIA «© CHICAGO 


Deminerclizers + Hot Process Softeners + Hot Zeolite Softeners + Decikalizers « Reactors + Decerators + Continvevs Blowefl Systems + Condensate 
Return Systems + Specialities 











POWELL VALVES...THE COMPLETE QUALI LINE... POWELL VALVES 


IHL 





referred for {recision 
and {erformance 


Powell Valves are the choice of engineers because 
they know every valve is precision made, meeting 
every specification—every time. 

And there are other good reasons why engineers 
prefer Powell Valves—because Powell Valves are 
dependable . . . economical . . . and Powell has the 

900-Pound Stee! COMPLETE quality line of valves. 
Preseure Seat Consult your Powell Valve distributor. If none is 
Non-Return near you, we'll be pleased to tell you about our 
Globe Valve, complete line, and help solve any flow control 
Gear Operated. problem you may have. 


The Wm. Powell Company th 
Cincinnati 22, Ohio... 109 year 
Visit ovr booth No. 191 at the Chicago Exposition 
of Power and Mechanical Engineering November 14-18 
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FIG. 1503WE—150-Pound FIG. 11323—1500-Pound Motor Operated FIG. 19003—900-Pound Steel 
Stee! Gate Valve. Stee! Pressure Seal Gate Valve. Pressure Seal Gate Valve. 


Ll, WALVES 
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CHART 1 


Usvel precipitator 
Operation 


ARC-OVER VOLTAGE VARIES 
WITH GAS Bes 








MEE ELLEEZZZE» 
VWIIIZ anattlll = — 


PRECIPITATOR Of OPERATING VOLTAGE TOO 
LOW— MUST BE RAISED BY OPERATOR. 


PRECIPITATOR VOLTAGE 
TOO HIGH—MUST BE 


Pe yee BY OPERATOR 


VME” 








REDUCED EFFICIENCY INDICATED BY WIDE GAP BETWEEN 
PRECIPITATOR VOLTAGE AND ARC-OVER VOLTAGE OF GAS 
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CHART 2 
Precipit 


go ARC-OVER VOLTAGE VARIES 
ic Power Contre WITH GAS CONDITIONS 
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KOPPERS AUTOMATIC POWER CONTROL 
ADJUSTS PRECIPITATOR VOLTAGE TO MOST 
EFFICIENT OPERATING LEVEL AUTOMATICALLY 
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New Koppers Power Control automatically insures 
maximum Electrostatic Precipitator efficiency 


“trip-outs.” 


Now Koppers enables you to get peak gas cleaning 
efficiency from your electrostatic precipitator at a 
minimum of operating maintenance—with the new 
Koppers Automatic Power Control. 


This compact, cabinet unit utilizes electronic 
controls to automatically maintain the proper vol- 
tage to best ionize the gas. As gas conditions vary 
—an occurrence even under the most constant in- 
dustrial operations—it automatically adjusts the 
voltages to the most efficient level for solids re- 
moval. This reduces wasteful “sparkover” and en- 
abies the precipitator to operate continually at peak 


efficiency voltage without frequent 

What is more, the new Koppers Automatic Pow- 
er Control eliminates the need for constant person- 
al attendance. Completely self-contained, easy to 
install, it quickly repays initial cost with savings in 
man-hours and operating efficiency. 

The new Koppers Automatic Power Control is 
another engineering advance in a series that has 
won industry-wide confidence for Koppers Electro- 
static Precipitators. Keep Koppers’ ability to serve 
you in mind. For information or assistance in solv- 
ing your gas cleaning problem, send this coupon. 


ELECTROSTATIC PRECIPITATORS----- 


KOPPERS COMPANY, INC., Electrostatic Precipitator Dept. 391 Scott St., Baltimore 3, Md. 


I am interested in how the new Koppers Electrostatic Precipitator Automatic 


& 


METAL PRODUCTS DIVISION « KOPPERS COM- 
PANY, INC. © BALTIMORE 3, MD. This Koppers 
Division also supplies industry with Fast’s Couplings, 
American Hammered Industrial Piston and Sealing 
Rings, Aeromaster Fans, Gas Apporatus. 


Engineered Products Sold with Service 


Name 


Address 
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Power Control can help me to more efhiciency and greater savings in gas cleaning 


I am interested in an analysis and recommendations for my operation. I under 
stand I am under no obligation. 











Two boilers at Salem Harbor Station are 
fed by stainless-clad steel bunker noses and 
pipes. No hangups or repairs have been 


In September 1952, the 
Salem Harbor Station of the New 
England Electric System went on the line. Rated as 
one of the most efficient stations in the nation, it has 
had two years of trouble-free operation. Stainless- 
clad steel figures directly in the exceptional perform- 
ance of the interior coal handling equipment. No 
hangups or maintenance problems have occurred. 
At Salem Harbor, stainless-clad was used at every 
point of extreme wear. The corrosive and abrasive 
effects of wet coal were virtually eliminated at key 
points. Four bunker noses and feed pipes were made 


" stainless-clad, hoppers used %e" and 4" 


ot . 
clad, and chutes leading to the pulverizers are 4" clad 


Stainless-clad steel—a layer of solid stainless steel 





reported in two years of operation 


integrally and per manently bonded over its entire sur- 
face to a strong, low-cost carbon steel backing plate— 
was chosen here for its twofold economy: low initial 
cost and minimum maintenance. Its smooth surface 
defies hangups and, with hard use, develops a mirror- 
like finish. It can extend the service life of coal han- 
dling equipment through the useful life of the boiler. 

If you would like detailed information, write for 
Bulletin 740. In addition, our Technical Service De- 
partment is available to work with your equipment 
builders and engineers in putting stainless-clad steel 
to work for you. If you would like the names of qual- 
ified equipment builders, write to the Manager, Mar- 
keting Service, 684 Lukens Building, Lukens Steel 


Company, Coatesville, Pennsylvania 


L NS Bee bb 8 te 2 


LUKENS STEEL COMPANY, COATESVILLE, PENNSYLVANIA 


PRODUCER OF THE WIDEST RANGE OF TYPES AND SIZES F LAC LS AVAILABLE ANYWHERE 
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THIS 


burner ring 
has been operating 
almost four times 


as long as 


Ths 








Te i fine... 


CARBOFRAX ° 
Burner Rings 


Both pictures above show burner rings in 669 HP 
Kidwell boilers fired with pulverized coal. Both use 
hirebrick walls. One has fireclay rings. The other 
uses CARBOFRAX® silicon carbide rings...these have 
been operating almost four times as long as the 
hreclay yet show virtually no damage. That's be- 
se CARBOFRAX refractories are extremely dense 
rd—and they stay that way, even at very high 

temperatures. 
FRAX rings develop no soft spots where 


foothold and start accumulating 


CARBOFRAX RING AFTER 1,487 HOURS 
Ci ba 
almost no slog build-up, preserves 
required flame potterns 


FIRECLAY RING AFTER 400 HOURS ond 
burning 600 tons of coal shows heavy 
A 
tortion has badly burned 
opposite woll. 


Flame patterns can be maintained. Better operating 
efficiency is assured. 

They also provide outstanding resistance to wear, 
flame erosion, and heat shock. Try them, and you 
will find your shutdowns, replacements and repairs 
trimmed to a minimum. 

Find out more about how CARBOFRAX burner 
rings can increase your firing efficiency. As a starter, 
write for free booklet, “Super Refractories in Boiler 
Furnaces.” Address Dept. E-115, Refractories Div., 


The Carborundum Company, Perth Amboy, N. J. 


CARBORUNDUM 


Registered Trade Mork 





why soot is no problem... 
with the 
Liungstrom 
Air 
Preheater 


Soot is no problem with the Ljungstrom. Clinging soot or slag ts loosened by normal expan- 
sion and contraction of the preheater... and most of it is blown away by the high-velocity gas 
streams. What remains is removed by superheated steam or compressed air, fired from oscil- 
lating soot blowers, while the Ljungstroms are in operation. ; . 

What's more, moderate deposits on the Ljungstrom heating surface have no effect on pre- 
heating. For, with the Ljungstrom, heat need not pass through a film-coated wall — but is 
simply absorbed by a heating surface and released from the same surface. 

Get all the details on why the Ljungstrom is easier to clean and maintain. .. maintains 
higher boiler efficiencies. They're in the new, 38-page reference manual, “Ljyungstrom Air 
Preheaters.” Write for your free copy, today! 


\ 
Advantages of the Ljungstrom Air Preheater 

© Size for size, recovers more heat than cry 
other type. 
Reduces fuel consumption. Permits use of 
lower-grode fuels. increases boiler output 
ond reliability. 
Eliminates cold spots keeps corrosion to 
o minwnum., 
Easier, faster to deon and maintain 
Requires far less supporting steel and is 


quickly erected. 








‘ 





-_ | 3 
The Air Preheater Corporation 60 0s: +200 street, new York 17,.N.¥. 
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it Gq r y / e ¢ y es x. re OQ General View of Holtwood Steam Station 


Pennsylvania Water and Power Co, 
Ebasco Services Incorporated 
Consulting Engineers. 


coal handling 


at Holtwood, 


@ Coal handling facilities in this plant, that burns anthracite coal 
dreaged from the river and reclaimed by the floatation process, were 
engineered by Bartlett-Snow to Ebasco specifications, fabricated in our 
shops, and installed by our erectors. The equipment includes com- 
bination receiving and reclaim hopper fitted with vibrating feeders, a Es 
: View of 36° Cantilever Storage Conveyor 
360 ton per hour conveyor system, 36° cantilever storage conveyor; Anchored Permanently on @ Hollew Concrete 
and two 42’ shuttle conveyors for wet coal and a 14” screw conveyor Silo that Withstands Avalanching of Coal. 
for dry coal in the distributing room over the bunkers. 

For fixed responsibility that insures highly efficient, synchronized 
operation of all parts of the system as a unit, and low maintenance and 
low operating costs — let the Bartlett-Snow coal handling engineers 
work with you on your next new plant, modernization or plant 


expansion program { 





DESIGNERS 


nee as : ” 
View of Two 42 Wide Shuttle Conveyors for 


Wet Coal and 14° Diameter Screw Conveyor 
for Dry Coal in Distributing Room Over 


“Builders of Equipment for People You Know” the Bunkers. 


ens! 





Our ossocietion with the Shew 
Compony hos extended over mony 
yeors in mony Hercules plonts. The 
Burlington job is another example of 
Show 5 ability to fulfill piping con 
tracts—efficiently and on schedule 
Ernest S. Wihon 
Director of Engineering 
Hercules Powder Company 


With the opening of a $4,000,000 plant at 


Burlington, New Jersey, Hercules Powder 


Company, of Wilmington, Delaware, recent- 


ly became a major supplier of dimethy] tere- 
phthalate—an important raw material in the 
miracle fiber field. The Burlington plant— 
first to produce raw material for polyester 
fiber by the air oxidation of para xylene pro- 
duced from petroleam—has a capacity of 
12,000,000 pounds of DMT a year, for use 
in the manufacture of “Terylene,” a polyester 
fiber developed in England. The plant also 


supplies DMT to various plastics industries. 


Because of its vast facilities and extensive 
experience in fabricating and installing pip- 
ing for the chemical industry, the Benjamin 
F. Shaw Company was chosen as piping 
contractor for the new Hercules plant. 
The choice proved to be a wise one: the 


work skilifully, 


and, like all Shaw contracts, on schedule. 


progressed dependably, 
Whatever your company produces — from 
raw materials for miracle fibers to electric- 
ity for growing communities—rely on Shaw 
for a piping job that’s first-rate from start 


to finish 
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Controlled Thermonuclear Reactions— 
THE Question 


As a part of its 4th Annual Conference on Atomix 
the National Industrial Confer 
ence Board reached the climactic point in what was prob 
ibly the first 


or non-we 


Energy in Industry, 
unclassified large-scale public presentation 
thermonuclear 


ipons potentials of energy 


Some 2000 business executives listened intently on Octo 
ber 28 as Dr. Hans Thirring, director of the Institute for 
Dr. Henry 
Scientific and En 
University and former 


Theoretical Physics in Vienna, Austria, and 
D. Smyth of the Board of 
irch at Princeton 
the U.S 
fundamental 


lirector 
gineering Ress 
Commiussione! Atomic Energy Commission, 

differences 
reactions and outlined 


fission 
the 


con 


explained the between 


ind fusion nuclear some ol 


formidabk bstacles to be overcome to achieve 


trolled thern ir reactions 
The setting for the Ballroom of 
the Waldorf-Astoria in New York City, seemed strange 


for two intensely 


nucle 
addresses, the Grand 


interesting lectures which, in times 


other than these, would have been far more appropriat 
in the academic atmosphere of an advanced undergrad 
The 


for the degre« 


uate class modern physics iddresses wert 


to which the two 
the 


solutions if 


more markable 


even 
physicists ag 1 on their analysis of basic problem 


ind the 1 for new basi thermonuclear 


reactions a r to prove practically useful as source 


7 energy 
Perhaps the 
Dr nytl concluding his address 
We all accept the 


military importance, 


was posed 


most important consideration 


need for secrecy about research of 
though we may differ as to exactly 
should be drawn It is my 

controlled thermonuclear reactions has 
nt military importance. | wrong 
the field 


For purposes of argument, let us assum 


where the line impression 
that the work o1 


wnt 
no signifi 


may be 
but I believe most of people working in the 
igret witl 


I am right Let us agree that we have here an extremely 
difficult scientific 
tual 

alue Iti 


Tit i] pre ble Ss are 


ind technical problem of great even 
but of no 
ng-range problem 


ecom direct mulitary 


mportance, 
Even when the tech 


solved, it may be a long time before 


its econom1 portance 1s significant in this country 


Should we proceed uncer the clumsy cloak of secrec' 


hoping that we will discover techniques that we can keep 
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better off to 


criticism 


as national trade secrets, or would we b« 


expose our ideas and results to the free and 


suggestion which has so invigorated our scientific and 


technological progress in the past 


Power Plant Purchasing on 
Easy Terms 


\bout a 
had 
gling since World War II days, namely good shop facili 
lhe 
ture at that time, though, was anything but promising 
the a bold bid to ther 
major customers, the public utility industry, to stimulat 


year ago the major turbine manufacturers 


ichieved a goal towards which they had been strug 
immediate 


ties, adequately manned market pi 


\s a result manufacturers made 
the orderly purchase of large turbine-generating equip 
the 
the ordering of heavy power-generating equipment 


ment and thereby level out peaks and valleys” in 


his system offered the definite advan 
the 


engineering 


manulacturer 
tages in way ol optimum employment and use ol 
lo make the 


turbine manu 


ind manufacturing facilities 
to the the 
facturers permitted cantellations up to six months after 


program attractive customer 
placing the order at a relatively slight cancellation charge 


and further, offered special financing arrangements for 
those charges normally made before shipment 

Whether or not this arrangement has proved workabl 
now that the utility industry is back so strongly in th 
market would be interesting to know At the recently 
concluded Joint Solids Fuel Meeting of the ASME 
the heard comments from leading 
coal producers that indicate still 
the coal industry 


long 


and 
Mining Engineers we 
utility 
to es 


nother public 
industry supplier would like 
tablish The 


spokesmen felt among other things that long term, irrevo 


some such coal 


pull arrangement 


cable contracts would permit integrating coal mines with 


power plants, that the receipt of fuels of known and 


compatible properties would improve power plant opera 
tion These two obvious advantages to 


both The key 


question, however, is does such a system offer advantage: 


points carry 


supplier and customer unavoidable 


to the general economic welfare that outweigh those from 


the present practice of buying when you need and can 


ind doing without in other periods? Certainly case 


histories are needed 





Superpressure Steam Turbines 


By CLARENCE C. FRANCK, SR.' 
Westinghouse Electric Corp. 


FTER considerable discussion and study, power 
plants which will operate with steam above the 
critical pressure are to be a reality. Among oth 
ers, several notable examples of such projected plants 
are the 325,000-kw condensing Eddystone Station unit of 
the Philadelphia Electric Company, which will operate 
with steam conditions of 5000 psig, 1200 F with double re 
heat to 1050 F: and the 215,000-kw condensing unit for 
the Cleveland Electric Iuminating Company which will 
operate with steam conditions of 3500 psig, 1100 F with 
single reheat to 1050 F. Such installations as these will 


certainly blaze the way for sumilar units in other loca 
progressive nature of the util 


heat 


tions In one sweep, the 


ity industry has potentially reduced the rate of 
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INITIAL TEMP. IOOOF 
REHEAT TEMP 1000 F 
EXH PRESS. 15 IN HG A 
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HEAT RATE -— BTU 





6000 


Ps4ees 


3000 4000 5000 
INITIAL PRESSURE- PSIG 


Fig. l(a)-Turbine heat rates for 1000 F/1000 F 


Thermal gains from application of 
higher pressures, higher temperatures and 
variations in cycle arrangements are pre- 
sented along with predicted performance 
trends. Description data are furnished on 
the 325,000-kw supercritical turbine unit 
planned for the Philadelphia Electric Co., 
Eddystone Station, and the 215,000-kw 
supercritical turbine for Cleveland Elec- 
tric Illuminating Co. 


steam generating plants by 1000 to 1500 Btu, kwhr 


When one considers that a similar gain required a fifteen 
year period of development between 1930 and 1945, 
the magnitude of the undertaking becomes apparent 
Considerable information on the performance of such 
plants has been reviewed in current technical publica 
In 1954,* the writer offered a graph which indi 


cated the approximate gains to be realized from the ap 


tions 


plication of higher pressures and higher temperatures for 
various kinds of cycles. Since the superpressure cycle 
will become a reality, time should be taken to review the 
whole situation from a quantitative point of view. In 
comparing the possibilities of the superpressure cycle, it 
hardly seems necessary to go back beyond the period of 
1945, where the modern reheat cycle received universal 
acceptance. Consequently, we will introduce the sub 
modern steam condi 

in. Hg. abs: the 


with the low 
L000 | 


ject by 
tions of 1450 psig, 1000 F 


comparison 


TURBINE HEAT 


RATES 


Cin c 


NITIA P RE RE-P 


Fig. 1(b)}—Turbine heat rates for 1050 F/1000 F 
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TURBINE HEAT RATES 
SINGLE REHEAT UNITS 
SIX STAGES FEEDWATER HEATING 


INITIAL 
REHEAT 


TEMP 
TEMP 
EXH PRESS 


1050 F 
1050 F 


IS IN HGA 


HEAT RATE — BTU /KWH 


000. 4000 ° «5 
NITIAL PRESSURE-PSIG 


}—Turbine heat rates for 1050 F/1050 F 


ave e conditions of 2000 psig, 1050 F, 1050 F, 1'/» in 
Hg. abs | the elevated conditions of 2400 psig, 1100 
F,/ 1050 | in. Hg. abs 
steam conditions form an excellent bench from which to 


Plants operating with sucl 


project plant studies for advanced steam conditions 


Performance Trend 


The and (d 


show tre 


lata presented in Fig. l(a), (b), (c 
performance with changes in pressures 


and temperatures hese trends must be corrected for 


individual nuiacturer’s type of turbine and size of last 
turbine performance 
as ‘‘gross net The difference between the 


presents the effect of pumping power deb 


row blading rhe figures are given 

two 
sets ol! curves re 
ited against the cycle 


rhis power results from pumping 
the conde te fr 
The influence 


pump on the « 


the hot well to the steam generator 
if the power chargeable to the boiler feed 
ficiency of the cycle is most important and 
will be discussed 11 

Fig. 2 shows the 
tio1 


in constructing Fig a), (b), (« 


greater detail 
heat balance system used in conn 
values used 


with the lculations for predicting the 


and his cycle 1s 


nd while there could 


fairly 


fairly straightforward and simple a 


be cycle modifications, it represents rational ap 


proach to th pplication 


The 1 e of the boiler feed pump with its influ 
ill pl int efhiciency of the 


ireful The 


with increasing steam inlet 


superpressurt 
consideration increase in 
pressure e1 

The cor 


wuxiliary power is 


As may be 


the thermal cycle gain 
large component of 
the cycle observed from 


ind (d 


his optimum inlet steam 


there is an optimum inlet 


pre Ssur' 
ibility of the prime mover to conv 


| 


lable energy at a level which ts greater 
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b> NITIAL TEMP 
| REHEAT TEMP 1050 F 


EXH PRESS 15 IN HGA 


00 F 


5 400 7 « 


INITIAL PRESSURE- PSIG 


Fig. 1(d)—Turbine heat rates for 1100 F/1050 F 


than the increase in pumping power required 

In order to obtain a better understanding of the situa 
tion, Fig. 3 has been constructed to show the influences of 
this important element, namely, the boiler feed pump 
he modern average steam inlet pressure of 2000 psig, 
1050 F, reheat to 1050 F have is the 
The is throttle and 
has been carried out to 6000 psi and projected back to 


been chosen base 


abscissa of the curve pressure this 


1450 psi Che ordinate of the curve is representative of 
the change in thermal efficiency as a function of the 
change in inlet pressure 

he uppermost curve labeled ‘‘gross’’ turbine is indica 
tive of the gains to be realized from throttle to condense1 
to final effect, 


the values as indicated are merely a representation of the 


feedwater to the steam generator In 


ilues shown in Fig. l(c 


Bou ¢? Pumt Ki ffect 


In order to evaluate the effect of the boiler feed pump 
ire indicated in terms of reduction in 
of the 


proximate magnitude of the pumping power is shown and 


power, the values 


thermal efficiency cycle 3y this means, the ap 
the net thermal efficiency of the cycle is obtained by sub 
tracting the loss due to pumping power from the 
rhe effect of 
labeled 


in approximation of the 


gros 
gross 


turbine these changes is shown on the 


final curve net turbine ind thi urve give 


trend in the ement of 


Ihe 


ibove the « 


mpros 


the thermal efficiency of the cycle importance ol 


tabl 
dot-dash curve 


incremental 


throttle pre 


pumping pressure 


sure 1s illustrated by the 


perimposed ( orrection to Cy 


i throtth 


upon Power 


Pumping 


cle,”’ shown in Fig. 3 For example, at pres 


sure of 5000 psi, a reasonable additional pressure head of 


20) per cent or 6000 psi pumping head results in a pumping 


cent of 


power requirement of 6 } 


ipproximately 240 
] ead 


pet 
] \ r that the 


Btu/kwhi \ssummi idditional pressure 


41 














+. 


cee ae e 
: a oe i 


»~ a 


Fig. 2—Basic feedheating cycle 


rdditional 
pumping power requirement of 0.5 per cent or approxi 
22 Btu/kwhr Phe 
to the cycle is calculated by assuming the pressure ris 
from hotwell to boiler feed pump discharge (1.e., throttle 
1 motor and transformer efficiency 
of U5 per cent, a gear ¢ fficiency of 9S per cent, a hydraulic 


nt or 6500 psi, there will be an 


mately pumping power correction 


pressure times 1.20), 
coupling efficiency of 96 per cent, and a pump efficiency of 
é per cent 
the difference between gross turbine and net turbine rates 
and (d 
this pumping power exerts such an important influence 


rhis correction for pumping power represents 


given on Fig. l(a), (b), (c Consequently, since 
on the efficiency of the cycle, careful consideration must 
be given to the selection of the proper application of 
pumping power with the superpressure cycle. 

The motor-driven hydraulic coupling type of geared 
pump drive may be replaced by a variable speed steam 
turbine drive. In such an application, the steam turbine 
would get its supply from either the cold or hot reheat 
piping and exhaust into a heater supplied from one of 
In order to limit 
the steam requirements of the boiler feed pump drive 
turbine, 


the lower stages of the main turbine 


it 1s possible to use one or more constant-speed 
motor-driven boiler feed pumps supplemented by a rela 
pump 
By such a selection, it is possible to start the plant with 


tively small capacity variable speed ‘topping 
the motor-driven pumps and once stream flow has been 
established through the main turbine, the steam-driven 
boiler feed pump may be operated to establish the proper 
pumping head at the higher flow capacities. 

Although it may be possible by proper selection of 
pump and pump drives to improve the overall thermal 
eficiency of the cycle, the resulting difference between 
such combinations and the motor-driven hydraulic cou 
pling application will be small enough to be eliminated 
trom this particular study 


Predicting 


Station Heat Rates 


While the values of net turbine heat rates given in Fig 
ind (d) are of importance to the turbine de 
signer, the station heat rates or from ‘‘coal pile’’ to 
bar’ would be the criterion for establishing the steam con 
ditions for the operation of the power plant. In addition 


l(a), (b), (« 
bus 


to the factors included in the performance as expressed 
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CHANGE 
DUE 


IN THERMAL EFFICIENCY 


TO PUMPING POWER 
SINGLE REHEAT UNIT 


SIX STAGES FEEDWATER HEATING 


CAPABILITY 200 MW 
INITIAL TEMP 1050 F 
REHEAT TEMP i050 F 
—EXH PRESS. 15 IN HG Al | 


~ f+ - 
4 + 

— "+ 
4A 


EFFICIENCY ~- PERCENT 


INITIAL PRESSURE — PSIG 
Pes herein wat a SS es 


5000 


— 


4000 50.00 


IN THERMAL 


eS —-—-—+ 
Sees 
“Ne fn 


Ow cy 
oe 


CHANGE 





. Thermal efficiency change from pump power 


net turbine heat rate,’’ we must include 
factors for the boiler efficiency, station auxiliaries (other 


than boiler feed pump power), and any miscellaneous 


by the term 


losses. Since we have some knowledge of the accom 
plished or expected station heat rates, we could obtain 
an approximation of this unknown factor by comparing 
net turbine heat rates from Fig and (d) to 
the actual or expected overall station heat rate of the 
plant. For example, a station of 100,000 kw operating 
with steam conditions of 1450 psi, 1000 F/1000 F, 1'/» in. 
Hg abs might be expected to have a station heat rate of 
9600 Btu /kwhr and a net turbine heat rate of 8200 Btu 

would result in a factor of 1.171. 


l(a), (b), (ce 


kwhr, from Fig. l(a), 
\ 200,000-kw station operating with steam conditions of 
2000 psi, 1050 F/1050 F, 1 in. Hg abs which might 
have a station heat rate of 9100 Btu/kwhr and a net 
heat 7840 Btu kwhr, from Fig. l(c), 
would result in a factor of 1.161. A 200,000-kw station 
operating with steam conditions of 2400 psi, 1100 F/ 1050 
F, 1'/2in. Hg abs which has a predicted station heat rate 
of 8950 Btu/kwhr and a net turbine heat rate of 7695 
Btu/kwhr, from Fig. 1(d), would result in 

163 From the above, it may be observed that an av 


turbine rate of 


a factor of 


erage for this factor could be assumed as 1.165 

While the above factor, which relates net turbine heat 
rate to station heat rate, would not necessarily be the 
same for all cases, the average value of 1.165 appears to be 
i fair approximation. With this rational approach to all 
of the factors influencing overall station performance, we 
can now proceed to the making of curves which are indi 
cative of the gains to be expected on the station heat rate 

Fig. 4(a), (b), (c) and (d), (rearrangement of Fig. 1(a), 
and (d)), has been reconstructed to include this 
factor and show the improvement in station heat rate 
expressed in Btu/kwhr for any given operating steam 
condition above the base of 1450 psi inlet pressure 1000 


b . ¢ 
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STATION HEAT RATE- BTU/KWH 


INCREMENTAL 


; 
; 
+ 
; 





3000 4000 5000 
INITIAL PRESSURE - PSIG 


Fig. 4(a)—Incremental station heat rates (1000 F/1000 F) 


000 F and for a rating of 100,000 kw. Fig. 4(e) and 
double reheat cycles are based upon the same 
fundamental data l(a), (b), (d d) but are 
expressed in terms of change in Btu/kwhr above the base 
condition of 1450 psi, 1000 F/1000 F. Fig. 4(e 
upon a steam inlet temperature of 1100 F with double re 
heat to Fig. 4(f) is based upon a steam inlet 
temperature 1) F with double reheat to 1050 F. By 


, the change 


‘ f 
+(\I) ior 


is Fig and 
is based 


the use of Figs. 4(a), (b), (c), (d), (e) and (f 
in station heat rate resulting from changes in operating 
litions may be obtained by difference 

Consequently, since we now have the difference in sta 
tion heat rate between any established steam inlet condi 
1 position to estimate the additional ex 


could be justified to 


tions, we aré 
obtain the im 
a(b 
perform the simple arithmetic to accom 
plish this purpos« rhe namely 
the fuel at the particular location, the load 


penditures which 


proved thermal performance. Fig. 5(a) and has 
been prepared t« 
factors involved are 
the cost 
factor under which the unit is expected to operate and 
I remental improvement in station operat 

Since the cost of money and the choice in 

nting methods are variabk has 

10%, and Fig. 5(b 


I he Ss 


Fig. 5(a 
ipitalization value of 
pitalization value of 15 per cent 
resent the average outside cases for prac 


is based 

two . ilue rel 
tically I ] 
Fig. 5(a) ane ire expressed in incremental dollars per 
If the capacity of the unit 
then the 


proportioned accordingly 


or condition The values given by 


00.000 ky ipacity 


is different, incremental 
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Fig. 4(b)—Incremental station heat rates (1050 F/1000 F) 


For example, assume a projected unit of 200,000 kw op 
erating in an area where the fuel cost is 25¢ per million 
Btu and with a load factor of 70 per cent. Assuming base 
steam conditions of 2000 psi, 1050 F/ 1050 F (Fig. 4(c)), 
the gain resulting from operation with 3500 psi, 1100 F 
1050 F (Fig 125 = 325 Btu/kwhr 
Assuming a capitalization of 10 per cent 
$980,000 could be spent in order to obtain the gains es 
tablished. By 
chargeable to the change in steam conditions from 2000 
psi, 1050 F/ 1050 F to 3500 psi, 1100 F/ 1050 F, it is pos 
sible to establish the economics of the conditions 


4(d)), would be 750 
Fig. 5(a)), 
costs 


accumulating the incremental 


(gain, assume a projected unit of 300,000 kw operating 
in an area where the fuel cost is 35¢ per million Btu and 
with a load factor of SO per cent \ssuming base steam 
conditions of 2400 psi, 1100 F, 1050 F (Fig. 4(d the 
gain resulting from operation with 5000 psi, 1150 F / 1050 
F/ 1050 F (Fig. 4(f 1107 625 182 Btu 
kwhr \ssumuing a capitalization of 10 per cent 

a)), $3,450,000 could be spent in order to obtain the 


would be 
Fig 


gains established 
rhe foregoing discussion is concerned with the thermal 


from the application of higher pres 


sures, 


rains possible 


higher temperatures and variations in cycle arrange 


ments By the assumption of various steam conditions 
ind the practical application of a power plant in a specifi 
the general approach to the economics of the 


i better 


location 


problem may be worked out In order to have 


understanding of the turbine elements involved, a brief 


illustrated description will be given of two types of units 
first 


ipplying the superpressure principk In the para 


43 





INCREMENTAL STATION HEAT RATES 


SINGLE REHEAT UNITS 
SIX STAGES FEEDWATER HEATING 





+4 
; 


Seececseeasancess 








ISS SSSSS 595955856 Oi 


INCREMENTAL STATION HEAT RATE - BTU / KWH 


PRESSURE 


Fig. 4(c)—Incremental station heat rates (1050 F 1050 F) 


graph of this paper, mention was made of the units for 
the Philadelphia Electrix the Cleveland 
Electric Llumin Company units will be dis 


cussed s par itely 


Company and 


iting These 


The Philadelphia Elect Installation 


the Philadelphia Electric Company, 
Eddystone will be rated at 325,000 kw This 
unit is of the multiple cylinder cross compourd design 
with the high speed shaft operating at 3600 rpm and the 
low speed shaft operating at 1800 rpm. The general 
arrangement of this unit is shown in plan view in Fig. 6 
At the nominal rating of 325,000 kw, the 3600 rpm shaft 
145.000 kw 1800 rpm shaft will carry 


The unit for 
station, 


will carry ind the 
180,000 kw 

In projecting the unit, steam conditions of 5000 psig, 
1150 F at the throttle with double reheat to 1050 F was 
elected Because of cooling water available at the lo 
cation, the exhaust pressure was selected as 1 in. Hg abs 
With the rating of the unit at 325,000 kw, a double flow 
low pressure element operating at a speed of 1800 rpm 
was selected 

In analyzing the turbine cvlinder structures to accom 
modate the reheat and extraction pressures, it became ob 
vious that there would have to be elements which would 
take the energy drop from the throttle to the first reheat 
point, from the first reheat point to the second reheat 
point and, finally, the energy drop from the second reheat 
point to the exhaust. Since the first reheat pressure was 
chosen in the neighborhood of 1050 psia, the first el 
i rather large energy 


ment would be required to take 
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Fig. 4(d)—Incremental! station heat rates (1100 F 1050 F) 


drop and, at the same time, handle the high pressure and 
In contrast to this, the energy 
drop from the first reheat point to the 
point, which was chosen in the neighborhood of 250 psia 


high temperature steam 
second reheat 


was relatively low and would only require a short el 
ment 
in the form of a two element machine, 
limited energy drop to about 2500 psia. The 
ment would then take the remainder of the drop from 
Chis 


A rational compromise to the situation appeared 
the first taking a 


sect ymnd € le 


this point down to the second cold reheat outlet 
uppeared to be a rational approat h to the design, since 
ill of the unknown problems associated with higher 
pressures and higher temperatures could be confined to 
one relatively small element Fig. 7 is a typical longitu 
dinal section of a turbine which would take steam at 5000 
psig and exhaust at approximately With a 
steam inlet temperature of 1150 F, the exhaust tempera 
\s the design pro 


2500 psig 


ture would be approximately 950 F 
gressed, it was apparent that austenitic material would 
be required for the steam inlet pipes, nozzle chambers, 
inner cylinder and the rotor. Since the temperature and 
stress at these points demanded the use of the austeniti 
type of material, a further investigation indicated that 
it would be possible with the austenitic material to carry 
the inlet temperature to 1200 F. The decision was made 
to design this turbine for steam inlet conditions of 5000 
psig, 1200 F 
with 5000 psig, 1150 F and as operating experience dic 


It is planned to initially operate the unit 


tates, gradually raise the inlet temperature to 1200 F 
rhe most critical item in the design appears to be the 
Since this rotor forging required austen 


turbine rotor 
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INCREMENTAL STATION HEAT RATES 
DOUBLE REHEAT UNITS 
SIX STAGES FEEDWATER HEATING 
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Fig. 4(e)—Incremental heat rates (1100 F/1050 F/1050 F) 


tic material represented a mass of austenitic material 


irger than any rotor forging which had heretofore been 
l tl tor forging which had | tof I 

produced \lthough an austenitic forging of this size is 
somewhat of an experimental project, the ingot has been 
poured and the preliminary work on the rough forging 1s 
1 Satisfactory manner. Since the 
forging depends upon the satisfactory 


progressing solid 
austenitic rotor 
consummati the development program in progress, 
in iltern ite 


of a unique 


design is being studied which permits the use 
mstruction with overhung hub type sepa 
rate Che basic turbine cylinder, as shown in Fig 
7, will permit the installation of this built-up type of 
rotor, should any circumstances arise which would pre 
vent the use of the solid rotor construction 
[he progress of the art of welding relatively thick 
iustenitic material has given some con 
cern. A study was made te utilize flanged connections 
and eliminate all welding of austenitic material. While 
certain complications are encountered, it appears that 


disk 5 


walled pipes 


the flanged construction is entirely feasible and could be 
adopted if desired 

Upon exhausting the steam at 2500 psi and 1000 F at a 
temperature of 1200 F at the throttle, the 


steam is then carried over from the superpressure tur 


steam inlet 


ery high pressure element of the second 
ng This element right 
8, which is the longitudinal section 


bine int 

3600 rpm « is shown on the 
hand portion of Fig 
of the VH 


hausted fron 


pressure turbine The steam 


the VHP element at approximately 1050 


psia and at a temperature of 740 F. The 


} 


is ex 


steam is then 


returned to the HP element after it has been reheated to 
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Fig. 4(£)}—Incremental heat rates (1150 F'/1050 F/1050 F) 


1050 F 
it is exhausted to the second reheater at a pressure of 250 


rhe steam passes through the HP element where 


psia and at a temperature of 680 F 


Following the second reheat Stage, the steam is re 
turned to the 
signed to operate at 1800 rpm 
it was concluded that the 
ment, both from the rotor forging consideration and the 
i double flow element with 

A longitudinal section of 
Che 
center core of the rotor forging is of a material suitable 


rhe 


double flow construction permits the use of a relatively 


intermediate pressure turbine which is de 

After considerable study, 
most advantageous arrange 
cylinder structure, would be 

steam admussion in the center 
the intermediate pressure turbine is shown in Fig. 9 
lor operation at the temperatures encountered 
small diameter rotor which results in a practical forging 
he stresses in this rotor are within very conservative 
limits. After the steam has partially expanded to re 

duce its temperature to approximately 8450 F, the remain 
der of the blading is carried on separate disks of high 
strength material which are shrunk and keyed on to the 
By the use of this type of construction, a 
turbine rotor of high temperature alloy material can be 
the larger 
steam is exhausted from both ends of the 


center core 


arranged to accommodate lower 
The 
double flow element at a pressure of 50 psia and at a tem 
perature of 660 F In order to provide for the proper 
exhaust of the steam, two pipes are taken from each end 
of the IP turbine to the inlets of the double flow LP tur 


bines 


pressure 


Stages 


As a result of the high capability of the unit, large ex 
haust ends are required to accommodate the steam with a 
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JUSTIFIED EXPENDITURE FOR 
INCREMENTAL HEAT RATE 
10% CAPITALIZATION 





Fig. }a)—Justified expenditures (10% capitalization) 


minimum of exhaust end losses Phe large physical size 
of the last 
double flow manner would result in a composite turbine 
rotor which would either be beyond or tax the capacity of 
handling both at the factory and in 


In order to reduce this weight to a 


row of blades as used in the conventional 


conventional crane 
the power plant 
practical limit, the LP turbine is broken up into two sep 
! individual el 
LP turbine is shown in Fig. 10 

\ study of this turbine indicates that certain new prob 
lems 
sented rhe separated elements are placed back to back 
that the 


arate an ments Che construction of this 


ussociated with foundation construction are pre 


steam may be exhausted into a con 
Any other arrangement of 


in order 
denser with a single opening 
the turbine exhausts would necessitate the use of special 
provisions for complicated 


expansion, of expansior 


joints. The obvious disadvantage of such an arrange 
ment is the length of the foundation span from inlet to in 
let of the 
factorily solve 


hausts 


individual elements his problem was satis 


1 by the arrangement of the turbine ex 


which permits the installation of a transverse 





Fig. 6—Outline plan of cross compound superpressure unit 


«6 


JUSTIFIED EXPENDITURE FOR 
INCREMENTAL HEAT RATE 
15 % CAPITALIZATION 


Fic. 5(b)—Justified expenditures (15% capitalization) 


beam between the longitudinal members of the founda- 


tion. After an intensive study of the condenser required 
to handle the quantity of steam exhausted from the tur 
bine, it was concluded that double tube bundles permitted 
a center steam lane which would insure satis 


throughout the 


the use of 
factory steam distribution 
[his construction resulted in two condenser heads ex 


condenser 


ternal to the condenser shell and permitted the use of a 
vertical column in this unused external space. By sup 
porting the transverse member by the two vertical col- 


i point of support was 


umns, one on each side of the unit 
accomplished and the long span of the supporting beam 


reduced to practical limits. The turbine rotors are con 


Spi etpeiice 


: 


Fig. 7—Longitudinal section of superpressure turbine 
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Fig. 8—Longitudinal section of VHP-HP turbine 


use of individual disks and drum type 
disks all shrunk and keyed to a center core 

Steam fri the IP turbine 
the crossover pipes into the cover of the 


structed by the 
forward end of the iS Car 
nied through 
rhe steam exhausted from the LP 
turbine 
pipes in the base to the generator end of the 


While all of these 


large in physical size, their locations as described above 


forward LP element 


end of ntermediate is exhausted 
through 


second > turbine 


pressure 


element pipes are 


and shov Fig. 6, represents a reasonable compromise 


arrangen 
he Cleveland Electric Unit 


Phe unit 


pany will be rated at 


the Cleveland Electric Illuminating Com 
215,000 kw. This unit 
multiple nder tandem compound design operating at 
3600 rpn Phe this 
In making original studies for this 


is of the 


general arrangement of unit 1s 


shown u Fig 
unit, it was the 


1 


with all ferrits 


customer's desire to utilize a machine 


were made which 
1100 F at the throttk 


was practical if the inlet pressure was limited to a maxi 


materials. Studies 


indicated that a temperature of 
Since the inlet pressure was limited 
reheat to 1050 F was selected The 


Mum Of 50U0U psig 


to 3500 psig, single 


Fig. 10—Longitudinal section of LP turbine 
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Fig. 9—Longitudinal! section of IP turbine 


location of the plant site dictated an exhaust pressure of 
in. Hg abs. With the above 
the rating of 215,000 kw, the triple flow 


steam conditions and at 
6000 rpm unit 
with 25 in. long LP blades gave reasonable leaving losses 


a VHP-HP 


LP turbine 


rhe unit consists of a superpressure turbine, 
an IP-LP turbine and a doubk 
in tandem as shown in Fig. 12 


turbine, flow 
rhe superpressure turbine is similar in construction to 
the unit shown in Fig. 7 Ihe only difference in this tur 


bine is the substitution of ferritic materials for austenit« 


materials throughout. The exposed temperature of the 
turbine rotor will permit the use of a forging of ferritic 
material 

rhe steam is exhausted from the superpressure turbine 
at 1700 psia and 895 F and enters the center of the VHP 
HP turbine shown in Fig. 8S The steam is exhausted 
from the VHP element at approximately 750 psia and at 
a temperature of 6S6 F The steam 
taken to the reheater where 
1050 F and then returned to the 
HP element 
pressure of 240 psia and at a temperature of 769 F. Thi 
that the 
through the intermediate pressure element wi 


from this point 1 


its temperature is rf used to 


HP element. The steam 


passes through the ind is exhausted at 


pressure has been chosen so flow condition 


ll result in a 


215,000 KW REHEAT TURBINE GENERATOR UNIT 


Fig. 11—Outline of tandem compound superpressure unit 
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Fig 


12—Longitudinal section of tandem compound super- 
pressure unit 


rle-flow LP element 


balance of thrust with the sin 
The remainder of the unit as shown in Fig. 12 is of the 
rhe total quar 


tity of steam flows through the intermediate pressure tur 


conventional triple flow construction 


und, at the exhaust, divides with one third flowing 
LP element and two thirds into the 
flow LP turbine 


bine 
into the single-flow 
double 

In projecting the previously discussed machines into 


the supercritical pressure region, it must be recognized 
that the turbine designers are working with properties of 


Phe 


uilable experimental data on the properties of 


steam which have been obtained by extrapolation 
present av 
steam fall far short of furnishing information upon which 
to project the designs which have been undertaken 


ASME Research Committee 


Chis situation has been recognized by the industry and 
a very comprehensive program on research into the prop 
erties of steam at elevated pressures ind temperatures 1s 
being carried out under the sponsorship of the Research 
Committee of the 
Chis program is beyond the formative stage 


American Society of Mechanical Engi 


neers and 


during the early part of August 1955, a meeting of the 


CHANGE IN AVAILABLE ENERGY 
OF DATA FROM FOREIGN TABLES 
COMPARED TO KEENAN AND KEYES 

4300 PSIA TO 700 PSIA 


KEENAN AND KEYES TABLES, BTU/LB 


CHANGE AVAILABLE ENERGY FROM 


. 


100C OC xO 
INITIAL TEMPERATURE °F 


Fig. 13—Energy drop comparison for available steam tables 


ASME Technical Committee on Research on Properties 
of Steam was held in conjunction with all of the experi 
menters who will participate in the program. At this 
time, the programs of the individual experimenters were 
discussed in detail and it is expected that work will soon 
be in progress. It must be understood that quite a pe 
riod of time will be made available to the designers of 
power plant equipment 

\t this time, we have in our possession Russian, Jap 
English Steam Tables 
available 


inese, German, and Fig. 13 


energy 
These 


shows a comparison of the change in 
using the Keenan and Keyes Tables as the base 
data have been based on a drop in pressure from approxi 
mately 4300 psia to 700 psia which is the limit of the 
steam tables which were available for this comparison 
lhe variation shown emphasizes the need for the research 
pre yject on the properties of steam at elevated pressures 
ind temperatures 

Once again, the development in power plant design 
ind operation taken a tremendous step forward 
Everyone is anxiously awaiting the installation of these 
new type units which will provide the information so nec 
essary for the development of the power plants of the 


has 


future 





Nothing show-off about continuous blow-off 


No big blast. . 


No wasted heat units down the drain 


no noise no clouds of 
steam 
either. Just steady removal of foreign solids 
to keep the boiler always in balance. It’s not 


a flashy performer, except in the cost depart- 


ment. Hardly anything else in the boiler room 
can pay its own way so quickly. Find out why; 
write for catalog on “Continuous Blow-off” 
to The Madden Corp., 1543 W. Morse Ave., 
Chicago 26, lil. 
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Future of Synthetic Liquid and 
Gaseous Fuels 


By H. R. BATCHELDER and H. W. NELSON 


Battelle Memorial Institute 


Toward the end of World War II inter- 
est in the development of a synthetic- 
fuels industry to meet a tremendous in- 
crease in the demand for petroleum prod- 
ucts became keen. Technically the prob- 
lerms are surmountable but economically 
conditions do not favor such production. 
This paper examines the factors that will 
determine the production of synthetics al- 
most without regard to present price 
structure. 


NTEREST in 


intensity since the 


the field of synthetic fuels has varied in 
latter part of World War II 
ulter the war, it seemed that the rapid 
development of a synthetic-fuels industry 
permit the continued expansion of petroleum 


Immediately 
would be 
necessary to 
Bureau of Mines Laboratories at Bruceton, 
Pennsylvania, Morgantown, West Virginia, and Lar 
Wyoming, were established, and demonstration 
plants were built at Louisiana, Missouri, and at Rifle, 
Colorado. Carthage Hydrocol started construction of a 
plant at Brownsville, Texas, and plans were announced 


usage Che 


amie, 


by Stanolind Oil and Gas Company for another plant at 
Garden City, Kansas 

However, most oil undertook huge ex 
f their refining facilities and intensified their 
drilling efforts Asa 


of oil and proved 


companies 
pansions { 
exploration and result, production 


reserves increased and reached the 


point where, with the increased imports, our supply was 
jual to the demand. Under the 
roduction of synthetic liquid fuels would be 


attractive only if it could economically displace 


more than circum 
stances, the 
petro 
leum 
Many 


ol ft 


ittempts were made to make realistic estimates 
fuels, and the 
None, how 


that synthetics cost less, and interest in the 


1e cost of production of synthetix 


] 
results in s 


me cases varied quite widely 
ever, showed 
immediate production of synthetic liquid fuels declined 
sharply 
Natural 


enough in some 


the end of the abundant 


localities to encourage 


gas, at war, was 


its use aS a raw 
material for the synthesis of liquid fuels. As new pip 

ind as restrictions on the use of gas wert 
markets were opened, the demand for 


gas rose rapidly and in a few years the question o 


lines were built, 
lifted 


natural 


and new 


satisfying an always increasing future demand began to 

assume major importance 

As with oil, thoughts turned to production of synthet« 
g | 


pipeline gas by conversion of coal. The technical prob 
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lems were considered to be surmountable, but again, none 
of the estimates of cost of production indicated that a 
synthesis process would be economically feasible under 
present prices. 

In considering the future of synthetic liquid and 
gaseous fuels, we do not propose to submit new estimates 
of the cost of production of synthetics or to make new 
Rather, we propose 
produc- 


economic comparisons of the two. 
to examine the factors that will determine the 
tion of synthetics almost without regard to present price 
structure 

These factors are the rate of growth of energy demand, 
particularly for liquid and gaseous fuels, the supply and 
natural fuels, 
probable future circumstances 


ivailability of and the logistics of the 


Survey and Forecast of Supply and Demand 

An increasing supply of 
proved enabled the 
country to reach a standard of living which is higher than 
that of any nation in the and to look forward 
confidently to further elevations of that standard. It ts 
with satisfaction and pride in our country that we note a 
in the 
during the 


energy accompanying im 


technologies has people of this 


world 


nearly fivefold increase total volume of good and 
turned out first 50 this 
century by a labor force which, although little more than 
doubled in size, was accompanied by adequats capital 
and improved technologies. W<é but 
thankful, however, that the supply of energy to meet the 
when 


services years ol 


can be nothing 
demand, an almost fivefold increase, was availabl 
required by the expanding economy 

For future expansion of the economy, and for national 
security, the supply of energy must keep pace with the 
demand The report of the Materials 
Policy Commission (1)' has considered the supply and 
demand factors of our future use of energy 
detailed study of the present and future resources of this 
Others future 


President's 
as a part of a 


country. also have reported on the 
mineral fuels, in relation to 
future. It 


conclusions reached in 


trends of one or more of the 
the demands for energy of the will be of 


interest to examine the these 


reports, particvlarly with regard to liquid and gaseous 
fuels 


Factors Involved 


Two factors of direct bearing on the future economy 


are the output of goods and services, or the 
tional product, and the 
gross national product is expected to double during the 


1975 Ev 


gross tla 


growth in population The 


period from 1950 to ents of the past few years 


f the paper 
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l1—Population of the U.S.A. from 1934 to 1954 shows 
above as well as its projection to 1975 


have strongly that this will be realized 

Che factor of population growth has more than met 
Fig. 1 shows a plot of the growth in 
population of this country from 1934 to 1954, and the 
Census to the year 


growth art 


suggested 
earlier ¢ x pet tations 


1954 projection by the Bureau of 
1975 I 


shown ot 


irlier estimates of population 


the graph for purposes of comparison Since 


1946, the rate of growth in population has shown a 


rather sharp increase, and this increase has persisted to 


dat By tl nd of May 1955, the estimated popula 


tion had ied a figure of 165 mullion, according to the 


Bureau of nsus tabulation Chis represents a growth 


45, was expected by the Census Bureau to be 
l later than 1960 
the latest Census estimate, 


whic! 

yrrie tire 
the population of this 
will reach 210 mullion in 
higher than the 1951 P.M.P.C 
und the 1945 Bureau of Census estimate 


country 1975 bis is sub 
stantially projectior 


13.5 million, 


of 
of 185 million rhe significance of the more rapid rate 
that 


was estimated even a few years ago will be required 


of population growth is, of course, more 
than 
in the future to maintain the standard of economy 

\ plot of the 


period from 1920 to 1952 will be seen to be 


energ’ 


per capita use of energy during the 
a saw-tooth 
curve showing the sharp decrease in energy demand 
und the sub 
World 


increast 


during the depression years of 1930 to 1935, 
during and after the vears of 


Over this period, the average rate of 


sequent 
War II 


in annual per capita energ 


recovery 


y use amounted to slightly over 
one million Btu per capita per year. In 1952, the per 
was about 247 million Btu annually, whereas 


million his indicates that 


capita rat 
in 1920 the figure was 212 
the increase in per capita use on a percentage basis was 
16 per cent, whereas the total energy consumption during 
this period increased by 77 per cent while the population 
106 million to 157 mulhon The 
1920 for the several mineral 


Was increasing from 


use rate per capita since 
fuels has also shown changes, with petroleum consump 


tion per capita increased by 227 per cent, natural gas by 


Ty, per cent, and coal decre ased 4S per cent 


Energy from Mineral Fuels 


Fig. 2 shows the trend in the annual supply of energy 
from mineral fuels and water power for this country over 
the period from 1920 to 1952 The effect of the depres- 
sion years is evident, as is the rapid recovery and in 
1940. Energy obtained from 
oil and natural gas shows a steadily increasing rate of 


creased rate of use since 
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Fig. 2—Energy supply from mineral fuels and water power 
in the U.S.A. from 1920 to 1952 shows above. Projection 
carries it out to 1975 


with a increase for natural gas 


during the past several years 


usage, relatively rapid 


rhe projection of the total energy-demand 
shown on the graph, was made by considering the average 
rate of growth of per capita usage for the period 1920 to 
1952 to hold for the years to With an estimated 


210 million by 57.000 


curve, as 


1975 
population of 1975, the figure of 
trillion Btu was found to represent the projected total 
per the 


re port lists a possible 


energy demand, an increase of 47 cent over 
supply in 1952. The P.M.P.C 
total demand of 2600 million short tons of bituminous 
oal equivalent by 1975, which amounts to 67,600 tril 
lion Btu. Other projections of the total energy input by 
Putnam (2) and by Ayres and Scarlott (3) are shown on 
the graph for purposes of comparison. A Bureau of 
Mines estimate (4) for the total energy demand in 1965 
is seen to lie slightly under the value for that date shown 


by the projected curve for this report 


Energy from Atomic and Solar Source 


the advent of the atom,’ there has 


been much interest and excitement regarding the 


Since peaceful 
glow 
the generation of electricity using the heat 


interested in were 


ing future of 
of nuclear People 
harrassed by sometimes extravagant claims as to the rate 


fission coal 


of replacement of conventional steam plants by atomic 
power plants. Much progress has been made in develop 
ing the application of nuclear fission to the production of 
electricity and future progress should be rapid 

It has been estimated that within 25 years, one 
of new power plant construction will be atomic. W 
Kenneth Director of Reactor Development for 
the Atomic Energy Commission, in a talk before the 
l\7th American Power Congress in April 1955 gave his 
estimate of the probable rate of this growth. This was 
1960, 5 million by 1965, 
This will be a 


fourth 


Davis, 


2 million kw of capability by 


million by 1970, and 83 million by 1975 
remarkable rate, if achieved, and it may well be 
However, recalling the graph of the total energy ex 
trapolation, this showed a 1975 of 57,000 
trillion Btu per year. The 83 million kw of capability 
predicted for atomic power if generating continuously 


demand in 


would amount to 2500 
cent of the total Actual production would probably 


amount to 1400 trillion Btu per year, or 2.5 per cent of 


rillion Btu per year, or 4.4 per 
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3—Domestic (U.S.A.) petroleum demand as against 
production for 1933 to 1954 contrasted against 1975 


Our 1952 production of water power amounted 
Btu this 


with a generous forecast of develop 


the total 


to 1600 trillion per year. On basis, it will 


be seen that ever 

ment of atomic power, it cannot noticeably alter the over 

all energy picture within the next quarter centry 

solar energy to our has fre 
| [his 

well be the case. However, our total energy de 

at such a very high level that develop 


[he application of use 
quently been spoken of as our ultimate resource 
may 
mands are now 
ment of any new source of energy must proceed a long 
way before its contribution to the total is of real signifi 
therefore, that 


rapid 


loes not reasonable, 
solar energy use, even though it grows at a 


rate, can rise to major proportions in the next 20 years 


cance It seem 


very 


Fue 


this country for 


Survey for Liquid and Gasesou 1975 


The background of the demand in 
fluid fuels is one of gradual continued 
This growth has been relatively little affected by wars or 
business recessions, and the occasional dip in the de 


mand curve has been quickly neutralized in a subsequent 


and growth 


year, and the upward trend continued 

Fig. 3 is a plot showing the course of 
demand and production of petroleum from 1935 to 1954, 
from Bureau of Mines data, together with projections of 
to 1975 It will be noticed that up to the 
period shortly after World War II, the domestic produc 
tion, natural gas liquids included, has been above the 
curve of domestic demand. Since that time, however, 
production has lagged behind demand, and imports have 
deficit 
decreased relative to the demand 


the domestic 


the curves 


made up the Domestic production of crude, in 
particular has 
The projection 
was made on the basis of using the average rate of rise of 
the demand per capita over the period of 1920 to 1954 
estimated population of the country for 1975 
annual demand for petroleum products 
a value of 4.28 bbl per capita to one of 
17.42 bbl per capita in 1954. It is estimated that this 
will increase to 25.5 bbl per capita in 1975. With the 
estimated population of 210 million shown in Fig. 1, a 
of 14.6 million bbl per day is projected for 
Fig. 3 also shows several other proje 
Curves 


1 of the demand curve shown in Fig. 3 


Since 1920, the 


has grown from 


total demand 
the vear 1975 
tions of the demand curve made in recent years 
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Fig. 4—Projected domestic demand and production for pe- 
troleum products up to 1975 are pictured above 


numbered | and 3 were projected by Schroeder, of the 
Bureau of Mines (5), and Curve 2 represents a proje 
tion given in the report of the Materials 
Policy Committee. Both the P.M.P.C. projection and 
Schroeder's low projection would lie close to the valu 
a facto! 


President's 


estimated for 1975 in this report ‘? corrected by 


for the revised population estimate. Curve 4 represents 


1 demand curve used as a working basis in the report ol 
the Koppers staff (6) to the P.M.P.C. editors, and Curve 


18 % of Stanolind, 
in 1949 


Phe projections of Curves 4 and 5 would appear to be 


1 projection suggested by Solliday (7 


~ 


side, in view of the progress of the demand 


1949 


on the low 
curve since Schroeder's high projection, Curve | 
would appear to be too high, particularly if his basis of 


corrected for the present estimate of 


Che projection of the curve for this 


projec tion were 
population growth 
re port, and Curves 2 and 3 would seem to be probablk 

} 
crude 


Fig. 3 also shows the possible trends in domestic 


petroleum production as projected by several author 


Common to all curves is the increasing separatio: 


ities 
from the demand curve, suggesting that the production « 

domestic crude will reach a peak around 1965, and there 

P.M.P.C. Curves A and B are 
estimates of crude-oil production curves, one of which 
postulates a peak production for 1963, and the other a 
peak in 1967 at a higher production value and a slower 
Curve C is proposed by 


after gradually decline 


downturn of the curve Ayres 


which the ultimate 
20 billion bbl 
tion curve foreseen by Solliday of 
which was also used by the Koppers staff in their report 
to P.M.P.C 
mining the 
production have been explained by 
Fig. 4 shows the plot of the projected demand curve to 
1975, together with three highest ot 
the four projected curves for petroleum production show! 
in Fig. 3 Ihe intermediate dotted line represents the 
total production of the petroleum products, including 
natural-gas 


petroleum reserves are es 
Curve D is the produ 
Stanolind in 1949, 


Ss’, in 


timated to be 


rhe basic assumptions involved in deter 
a projected curve for petroleum 


Avres (9 


shape ol 


i composite oO} the 


natural-gas liquids The production of 
liquids is estimated to become almost doubled in quantity 
over the period to 1975. For the next five 


increased imports will be required to maintain the le 


years or 8o 


vel of 
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Fig. 5—Natural gas marketed between 1920 and 1953 are 
shown above against the amounts projected to 1975 


demand shown in the plot These are shown as reaching 
a peak value of perhaps 2.3 million bbl per day, holding 
this for a 


increases above this figure do not seem reasonable when 


while, and therefore declining. Significant 
considering the ships necessary, the increasing demand 
for petroleum products on a world-wide basis, and our 
national security Before the time of maximum imports, 
the production of oil from shale should be ready to take 
load of the Shortly 


thereafter, it would seem mandatory to begin the pro 


up some of the demand deficit. 
duction of synthetic liquid fuels from coal, by whatever 
method has been shown most efficient and economical by 
research and development work in the intervening years 
Certainly, by any basis of consideration, it would appear 
necessary to be prepared to have synthetic-fuel-from 
coal plants sometime before 1970, when a large deficit is 
evident. Even if the ultimate reserves of petroleum in 
found to be increased substantially, the 


years of peak production would be shifted to the right 


this country are 


only moderately, and the height of the peak production 
curve would be increased by a small amount dictated by 
The 


substantial amounts of synthetic liquid fuels would be 


conservational practices of production need for 


then delaved for a few vears. 
Vatural Ga 


The use of natural gas has increased gradually over 
the period since 1920, with a sharp rise occurring since 
1949. Because of the concentration of the natural-gas 
supply in the southwest area of the country, the produc 
tion of gas has had to await the construction of pipelines 
gas to other areas \ 


cannot be plotted for natural gas, as for other fossil fuels, 


to deliver the demand’’ curve 


since production and use can reach only the volume 
indicated by the capacity of the distribution system 

Fig. 5 is a plot of the marketed production of natural 
gas during the interval from 1920 to 1953, together with 
estimates of the possible production and use to 1975 
Che top dashed line extending to 1975 represents a pro 
jection of the production curve made on the basis of the 
rate of growth of the per capita use over the period from 
1920 to 1953 and the population estimate for 1975. On 
projected marketed production in 1975 
about 17.3 trillion cu ft Phis 
conflicting factors with 


this basis, the 
would reach 
projection 
respect to gathering, transportation, and pricing, and to 
Federal and State regulatory procedures The estimate 
of approximately doubled marketed production, 1950 to 
1975, made in the report of the President's Matericls 
Policy Committee is perhaps as reasonable as can be 


This 


a hgure ol 


is subject to many 


predicted at this time projection is shown in 
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Fig. 6—Cumulative marketed production and proved reserves 
of natural gas, 1920 to 1953, show against estimates of their 
status by 1975 


as an extension of the Bureau of Mines data to 
its position is slightly below the first curve. An 


Fig 5 
1953; 
estimate of natural-gas production in 1965 by the Bureau 
shown on the projected curve. This 
is not only for marketed production, 


of Munes (4) ts 
figure, however, 
but includes losses. 

Some appreciation of the possible role to be played by 


natural gas in the energy system of future years can be 
had by examining a plot of cumulative production of 


natural gas and proved reserves. Fig. 6 shows a graph 
of the cumulative volumes of marketed production and 
proved reserves for the period of 1920 to 1953, and pro- 
jections of these curves to 1975 he curves show that 
by 1953 a total volume of about 114 trillion cu ft had 
been marketed and consumed, and that proved reserves 
that date totaled 211 trillion cu ft. Actually, a 
curve representing cumulative net production, including 
would better for with total 
However, these known for 
earlier years and the marketed volumes will serve to 
indicate the trend in relationships between reserves and 
production, particularly for the years of the future 

An attempt is made in Fig. 6 to show 
production-reserves relationship to the year 1975. To 
do this, the Terry (10) for the ultimate 
reserves of natural gas is accepted, and a projection of 


is Ol 


losses, serve comparison 


reserves losses are not 


a reasonable 
estimate of 
the curve for proved reserves is based on his estimate, 


including the rates this 
1 total of about 500 trillion cu ft will be avail 


of discovery for the futurs By 
estimate, 

able in the future, in addition to the cumulative produc 
to date DeGolvyer 


100 trillion cu ft of ultimate reserves to supple 


tion volume has arrived at a 
volume of 
ment the cumulative production through 1947 

Should the relative position of the curves in Fig. 6 be 
given credence, the life expectancy for our natural gas 
will follow a substantially as shown in 


1975 of 


reserves curve 
Fig. 6A 
ten times the annual consumption at the expended rate 
Before that time, either the use of natural gas 


must be curtailed, or supplementary gas must be brought 


rhis would indicate a reserve supply in 
of use 


into use based on synthesis from coal 


Factors Avatlability 


{ fectineg Co t and 


In the foregoing, an attempt has been made to arrive 
the future rate of 
Some of the present 


at a reasonable estimate of use and 
supply of liquid and gaseous fuels 


uses of these fuels are low grade and automatically will 
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be discontinued as the prices tend to increase. This is 
not expected, however, to change substantially the 
implications of the curves that have been shown. Ac 
tually this cessation of marginal uses is a continuing one 
and has been occurring over the past decade in various 
[he demand or use curves are really net 
after such terminations have been absorbed. 
Considering first the liquid fuels, we have seen graphs 
indicating that the production of synthetic oil might be 
0.7 million bbl per day by 1965, 2.8 million bbl per day 
by 1970, and 6.1 million bbl per day by 1975. It should 
be emphasized again that this is not predicated on a 


instances. 


given of synthetic relative to the present cost of 
crude, or on an assumed trend of future petroleum 
rhis is what will be necessary to the continued 
standard of living and economic 

projections of past trends into the near 
ill reasonable. 


cost 


prices 
maintenance ol our 
activity if th 
future are at 

Oil shale is certainly an attractive source of other 
than-petroleum oils and it can be expected that some of 
the early material will be from this source 
The major supplies, however, lie far removed from most of 
our markets, and in the long run its effect may be more or 
local. However, that one-third of our 
synthetic-oil requirement is met by retorting of shale 
This leaves the oil from coal requirement rising from 0.4 
million bbl per day in 1965 to 4.1 million bbl per day in 
1975. 

In a survey made by the Corps of Engineers in 1952, 
it was estimated that the requirements for two of the 


synthetic 


less assume 


oil-from-coal processes were as given in Table I 


REQUIREMENTS PER BARREL PER DAY 
ane ischer 

Hydrogenatior 

ton 

2.07 

0.40 tor 

6.8 kw 

10.000 


process differences and using round num 


bers, it can be calculated that to meet the 
will have beet 


Disregarding 
1965 demand it 
necessary 


) 


To invest er 4 billion 195 dollars 


To use in plant construction about 2.5 million tons of 
steel 
To mine about 200,000 tons of coal pe r day (73 million 
There would 


perhaps 25 million tons of oxygen per 


tons per year also be required a 
production of 
year 


To have about * , million employees 


This is the what to produce the 
first 


this is | d, then in the 


Start ol 
incremernit I the 


is necessal 
possible future requirement If 


ensuing ten vears to 197 


the requirements will be 


llars « ipit il investment 
onstruction 


1 tons per da 


For natural gas, as has been pointed out earlier, it i 


irrive at a nd estimate 
total, ultimate 


tion since the 


mucl 


sou 


future reserves The 


onsumy war has 


upswing 1 tural-gas « 


resulte rge part in its increased use for sp ating 
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In almost every case, as gas became available and restric 
tions were eased, new units were added to the limit 
allowed. It has been said that this use will drop sharply 
aS gas prices increase. There is no evidence of this to 
date, and much of the new home construction is such as 
to make the use of anything but gas almost impossibie 
At some point, of course, rising prices would force a 
change to other fuels, but this is not necessarily so at the 
price dictated by the cost of synthetic gas 

The possibility of changes in Federal and State regula 
tions with respect to natural-gas production, transmis 
sion, and distribution, is always present, as are other 
political factors which could alter the situation markedly 

If, however, the demand continues to rise as projected, 
without intrusion of major upsetting factors, there is still 
another point to consider. As has been stated, the rise 
of gas consumption was limited by, and followed closely, 
the construction of transmission lines from the gas fields 
to the waiting markets. Under present economic con 
ditions, construction of a long line for less than 300-500 
million cu ft per day is not generally attractive. Under 
present regulations regarding reserves, this means that 
each new long line must find purchasable gas with re 
serves in the amount of over two trillion cu ft. 

Under these circumstances it is possible that long 
before the ratio of reserves to annual consumption has 
dropped to an alarming figure, it would be more econ 
omical for a new line to be predicated partly on natural 
gas reserves and partly on production of supplementary 
synthetic fuel gas. 

To give some idea of the magnitude of the potential in 
synthetic-fuel gas manufacture, let us assume that by 
1975, 5 per cent of the marketed production is synthetic 
This would be of the order of 2 billion cu ft per day or 
perhaps twenty synthesis plants 
the order of $100 million each or a 
$2 billion. They 
of coal per day. 


These would cost of 
total investment of 
would 100,000 tons 
If the projections were valid, and by 


10 times the 


consume about 


this time the reserves are only innual con 


sumption, it would seem mandatory to have already 


reached a much higher synthetics production 
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MOVING 4100 TONS OF COAL PER DAY 
... WITH U.S. CONVEYOR BELTS! 











Partial view of new Oak Creek plant 
“+N, S.’ gives us best coal-moving efficiency possible,““ °° _~W'sconsin Electric Power Co. 
says the cost engineer of Wisconsin Electric Power Co. 


The immense new Oak Creek generating plant of Wisconsin Electric Power Co 
is the largest and most modern in the entire state. Total planned capacity 
500,000 kilowatts...to feed the ever-growing demands of Wisconsin homes 
and industries 

It takes well over 4100 tons of coal per day to produce such a tremendous 
amount of power. And to move this amount of coal, Wisconsin Electric has 
installed United States Rubber Conveyor Belts. Says Mr. H. Jorgenson, the plant's 
cost engineer, “the U. S. belts help give us the finest coal-moving efficiency pos- 
sible 

U.S.” products are not newcomers with Wisconsin Electric. “U.S.” belts 
have been working there for more than twenty years 

“PULVERIZED COAL HAS TO BE HANDLED LIKE DYNAMITE,” 
says Mr. Jorgenson. That's why throughout the plant you will find fire protection 
equipment of the most advanced type, and U. S. Peerless® is the brand of water 
hose hooked up to the system 

‘THE ENTIRE GENERATING SYSTEM IS ALIVE WITH CONSTANT 
EXPANSION AND CONTRACTION, BECAUSE OF MANY HEAT 
CHANGES AND PRESSURES.” That's why Wisconsin Electric cushions its 
power plant piping systems with U.S. Expansion Joints—to counteract the 
destructive effects of expansion, contraction and misalignment. Utility companies 
throughout the country not only depend on the excellence of “U.S.” products “U.S.” 48-inch conveyor belt. 
but on the “constant vigilance” of “U. S.” engineers in periodically checking up ‘ 
on “U.S.” product performance, plus giving engineering and technical help 
whenever needed. Get in touch with any of the 27 “U. S.” District Sales Offices. 
or write address below. 


“U.S.” Research perfects it...“ U.S.” Production builds it... U.S. Industry depends on it. 


UNITED STATES RUBBER COMPANY 
MECHANICAL GOODS DIVISION - ROCKEFELLER CENTER, NEW YORK 20, N.Y. 


Hose + Belting + Expansion Joints + Rubber-to-metal Products + Off Field Specialties + Plastic Pipe and Fittings + Grinding Wheels + Packings + Tapes 
Molded and Extruded Rubber and Plastic Products + Protective Linings and Coatings « Conductive Rubber + Adhesives «+ Roll Coverings « Mats and Matting 
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Automatic Combustion Control on a 


Kraft Black Liquor Recovery Furnace 


By RUSSELL GRAFF* and JAMES K. GOULD’ 


Longview Fibre Company, Longview, Washington 


For several decades, automatic combus- 
tion control has been used in the power 
industry to increase the efficiency of fuel 
burning and steam generation. Actually 
there is no reason in theory why it should 
not be applied to chemical recovery units in 
the paper industry. Past emphasis there 
has been directed to burning and re- 
covery of chemical as efficiently as possi- 
ble. This article tells of a pioneering 
installation of automatic combustion con- 
trol applied to a recovery unit in the Paci- 
fic Northwest. 


NTIL recen 
liquor reco 
to burn the 
could be recovered for re-use in the cooking process 


t years the main purpose of the black 
very furnace in the kraft pulp mill was 
black liquor so that the chemicals 
The 
present-day recovery unit is designed to burn and re 
cover the chemicals as efficiently as possible, and also to 
get the greatest possible utilization of waste heat for 
steam production and liquor evaporation 

Improvements in furnace design have kept pace with 
the rapidly expanding kraft industry. Improved water 


increased size, automatic soot 


cooling of the firebox, 
blowers, and instrumentation have all helped to reduce 
operating and maintenance costs, while the adoption of 
many of the design features of the power boilers has 
helped to make the black liquor recovery furnace an 
efficient steam producer 
In Nove 953, the 
Longview, Washington, put into operation 
tion Engineering furnace 


1,050,000 pounds of black liquor solids per 24 hours. At 


mber Longview Fibre Company, 
a Combus 
burn 


recovery designed to 


3500 pounds of solids per ton, which is the factor used at 
the Longview mill, the furnace design capacity is equiva 
lent to 300 pulp tons per day 
called No. 14 furnace, 
pounds per hour of steam at 850 psig and 750 F 

Many recently 
were incorporated if the 
ft fan was located after the 


The new unit, which was 
was designed to produce 164,500 


developed recovery furnace features 
this No. 14 
wet-bottom 


design of unit 
the induce 
Research orp. precipitator; ind secondary 


ind controlled separately ind 


primary 


ur flows etered 


the firebox bottom was a water-cooled solid-welded 


desigt strumentation was included to give 
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good control of all liquor levels, liquor strengths, soot 
blower operation, and boiler and furnace conditions 


Automatic Combustion Contro 


Shortly after this unit was put into production, it was 
decided to install sufficient additional instrumentation 
on an experimental basis to determine whether auto 
a chemical recovery fur 
rhis was to be a joint project 


matic combustion control o1 
nace would be feasible 
participated in by Combustion Engineering, Inc 
Bailey Meter Company and Longview Fibre Company 
The object of this project was to determine whether 
satisfactory furnace operation could be attained by such 
control, what benefits, if any, would result, and whether 
the results would justify the cost of the installation 
here were a number of reasons for deciding to embark 
on the project. First, the furnace 
sequently all of the mechanical equipment was in the 
best possible condition. Second, it 
the largest unit of its type in the country at that time; 
to be obtained, they would be in 
Third, the 
mentation originally furnished with the unit was some 


was new and con 


was believed to be 
if anv benefits were 
proportion to the size of the unit instru 


what more comprehensive than usual, which gave us 


more to work with Fourth, addition of this unit gave 
the mill sufficient furnace capacity to enable tests to be 
run at various rates, without interfering with total pro 
And fifth, it was felt by Combustion Engineer 
that the personnel on the pulp mill 

and in the instrument 


ontribute to the 


duction 
ing and Bailey 
supervisory staff 
would materially c 
installation 


department 


success of the trial 


Fig. 1—Block diagrarm of combustion control system 





The original instrumentation for the furnace included 


the following: 


Three-element feedwater control 
Total air and secondary air flow recorder 


Boiler outlet, evaporator outlet, precipitator outlet, 


and pre-heated air temperature recorder 

Area-type liquor flow meter with pneumatic trans- 
mitter and recorder 

Cascade evaporator level controller 

Cascade evaporator drive motor recording ammeters, 


one built as a controller to control dilution liquor 


addition 

Oxygen and combustibles recorder 

Primary and secondary liquor heater temperature 
controllers 

Induced draft controller 

Green liquor specific gravity controller 

Salt cake mix tank level recorder 

Weak wash water to dissolving tank flowmeter 


rhis list of instruments initially installed includes the 
basic components around which to build an automatic 
a liquor flow meter 


reliable; (2 


combustion control, namely (1 
which 
measuring total air and secondary air; (3 


means for 
dampers for 
adjusting total and secondary air; and (4) the oxygen 
and combustibles recorder. It only 
then, to add air-operated control drives for the total 
and secondary air dampers, a ratio control for liquor-to 
total-air, 
such relays and selector valves as were necessary to link 
the various components together. By referring to the 
block Fig. 1), it be seen how the control 
system works. The impulse from the liquor flowmeter 
through a ratio relay adjusts total air flow in proportion 
to the liquor flow. Secondary air is controlled in ratio 
to the Initially, control components were in 
stalledin the oxygen recorder, with the intention of biasing 


was considered to be 


was necessary, 


1 ratio control for secondary-to-total-air, and 


diagram may 


total air 


the secondary air flow to maintain constant excess air in 
the flue 
ever, when it deve loped that the excess air was too low to 
Total air is measured as the pressure drops 
air heater. Secondary air is 


gas. This part of the system was not used, how 
control by 
across the steam-heated 
measured by a segmental orifice in the duct to the sec 


ondary air ports. Adjustment of liquor flow is manual, 


va ™ OFEAKER 
* vacve 


WOE NSER MIGHER THAN PECOROER 


NSTRUMENT TUBING 
fo 


‘ TH water 


Fig. 2—Method of preventing plugging during measurement 
of liquor level 


<a = 





Fig. 3—Liquor flowmeter 


by controlling liquor pump speed, and is the only part of 
the combustion control which the operator needs to 
touch 

Control components were put into operation one at a 
time, carefully tested and adjusted for optimum stability, 
and operated for several days before the next step was 
attempted. The total air flow control put into 
operation first, then the secondary air flow control, each 
independently. Then the secondary-to-total-air ratio 
control was brought into play, and finally the liquor-to 
total-air ratio control. During the first few weeks of 
operation, close checks were made on liquor strength, 


was 


flue gas analysis 
check on the oxygen and combustibles recorder), 
production and liquor reduction 

The combustion control system has been in operation 
for over a year, and at no time has any malfunction de 


by means of Orsat apparatus, as a 
steam 


veloped in the instrumentation 
the human 
ind 


In fact, it has proved 


Irom 
combustibles 


o satisfactory in removing element 
that the 


to be unnecessary 


furnace operation, oxygen 


recorder is now felt for monitoring 
purposes, and has been removed for use on another re 
covery furnace 
the and combustibles 
corder, there was some doubt at first that one could be 
1ade to work satisfactorily on 
the flue gas carries such a high 
However, it was felt that if sufficient care 
the installation, plugging of the sample line could be 
and by washing and filtering the gas 
lean gas could be delivered to the analyzer 


washed sample pipe was used, sloped downward into the 


In connection with oxvgen 


i recovery furnace where 


percentage of solids 


were taken in 


ivoided ; sample, 


\ water 


ras passage. All corrosion-resistant piping, plastic or 


stainless steel, was used, and the gas sampling pump and 
likewise of corrosion-resistant material 


washer were 
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Fig. 4—Operator adjusting liquor flow rate 


An electrically-heated filter is interposed between the 
pump and the The results have proved that 
these precautions were well worth the effort. Daily 
blowing out of the sample line with compressed air 
suffices to keep it clear, and cleaning of the electrically 
heated air filter is only necessary at about three-month 


inalyzer 


intervals 

Some of the other instrumentation on this furnace was 
unique at the time of installation, and may come into 
more common use on other units. For example, liquor 
level in the cascade evaporator and salt cake mix tank is 
measured by a steam-purged bubble-type measuring 
instrument, instead of using an air-purged bubbler or a 
temperature measuring instrument. Using steam in 
stead of air on the bubbler provides freedom from plug 
ging of the bubble tube. The accompanying sketch 
(Fig. 2) shows how it is accomplished 

The controlling-recording ammeter on the 
evaporator drive motor was an innovation in furnace 
instrumentation also. Ordinarily, when it is desired to 
measure motor load for instrument control purposes, it 
is common practice to use a thermal converter and a 
potentiometer-type instrument, to measure power in 
kilowatts. However, from past experience, it was felt 
that measurement of motor current consumption in 
amperes would provide a close enough guide to the 
“consistency the liquor in the evaporator. Con 
sequently, one instrument manufacturer was prevailed 
1 pneumatic control mechanism in one of 

ammeters. This is regulate 
addition of weak dilution liquor into the cascade evap 
orator, to maintain constant liquor strength. Voltage 
tor are constant enough that measurement 


cascade 


upon to install 


their recording used to 


and power | 
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The cost of the con 


of amperage gives close control 
a thermal 


trolling ammeter was about half the cost of 
converter and potentiometer instrument 


Conclusion 


The use of the air-liquor ratio controller and auxiliary 
resulted in an efficient, trouble-free 
furnace operation. The standard production rate for 
the past several months has been 1,330,000 pounds of 
The unit is 


equipment has 


solids per 24 hours (380 equivalent tons 
very flexible with a normal operating range between 200 


and 400 tons; however, some loss in chemical reduction 
is noted at the lower rates. Differences in operation due 
to individual operator's ideas or lack of sufficient op 
erating experience no longer present a serious problem 
The success of the control system is largely dependent 
upon a trouble-free operation of the black liquor flow 
meter. Since the slightest change in liquor flow is 
reflected in the air flow, it has been necessary to put 
limits on the air damper setting to prevent a complete 
shutdown in case of a momentary liquor failure 
Difficulties with the control system have been very 
few and minor. Once the experimental work has been 
completed to determine the desired air flows necessary 
for optimum operation at the various liquor rates, the 
relied upon to maintain 


control instruments can be 


those air flows with a minimum of attention 
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Sales increase 356” in 17 years! 


Relying on experience, 


rapidly expanding utility 


chooses American Blower 
air-handling equipment 


1936 ushered in a phenomenal growth period 
for the Iowa Electric Light and Powe1 
Company. Fast-rising electrical needs called 
for new and larger facilities, longer distribu- 
tion lines. Two mergers extended the com- 
pany's operations. By 1953, 17 years later, 
lowa Flectric was serving 51 counties — and 
kilowatt-hour sales were up 356%! Today, 
lowa Electric's facilities are still mushroom 


ing. And the end is nowhere in sight! 


Fxpansion has included new electrical 
generating units at the Boone and Cedar 
Rapids Plants . where American Blowe1 
Forced and Induced Draft Fans, Gy¥rol 
Fluid Drives, and a Fly Ash Precipitator 
were installed. This equipment has proved 
so dependable and free of maintenance that 
lowa Electric again chose American Blower 
for Sutherland Station, its new plant at 
Marshalltown, completed in 1955 (first of 
two units to be constructed). 

Experience has led many other progressive, 


investor-o1 d utilities to specify American 


Blower again and again, when expanding 

or mode! ving There's no substitute they 

fA BI No. 1 unit at Sutherland Station uses American Blower 
rt y ality ¢ ! - aaa ; 

repo the qu it ) nerican biowe! Forced Draft Fans. each with 57.500 cfm « ipacity @ 120° I 

Mechanical Draft Fans, Fly Ash Precipi @ 11.6” sp @ 138.0 bhp 

tators, Heavy-Duty Steam Coils, and Gf¥rol 

Fluid Drives for boiler feed pump and fan 


contro! rely on American Blower 
AMERICAN BLOWER CORPORATION 


DETROIT 32, MICHIGAN 


you 


Ame 1 \“ branch offices are con 
' CANADIAN SIROCCO COMPANY, LTD. 


vemnently mated roughout the U.S. You'll 
WINDSOR, ONTARIO 
find one | our representatives easy to 


contact < LISC USS ou? proble ms. Division of American Radiator & Standard Sanitary Corporation 


AMERICAN @) BLOWER 
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Tests of Accuracy of Top Sampling of 
Railroad Cars 


R. L. CORYELL} and F. J. SCHWERDi 
Consolidated Edison Company of New York, Inc. 


To establish a theoretically sound proce- 
dure for top sampling, it was necessary to 
obtain data on the variability of the coals 
received and to determine the number and 
size of sarmple increments required. Ac- 
cordingly, a series of top sampling tests 
was made on the railroad cars at the piers. 
The sarmples were obtained by Messrs. C. 
Steinbruck and E. J. Anderson, Field 
Technicians, and the laboratory prepara- 
tion and analysis were performed in a rou- 
tine manner by the Chemical Laboratory 
at Astoria Plant. 


T is accepted practice to sample coal while in motion 


However, at times, it is only possible to obtain samples 


Chis 


sampling is necessary at the New Jersey piers before the 


from railroad cars or piles by ‘‘top sampling 
coal cars are emptied into barges 

For purpose of this investigation, the coals sampled at 
the piers have been placed in the three following classes 


This 


are known to have 


Very uniform coals class in 
cludes coals that 


been cleaned and well mixed prior to 


CLASS I 


shipment. These coals have shown 
by previous samples to have ash con 
tents varying annually less than + 
per cent 
CLASS II New coals or coals whose previous tests 
showed ash contents varying annually 
less than +2 per cent 


Least uniform coals This class in 


cludes coals varying widely in analy 


CLASS III 


sis or mixtures of coals from widely 


These coals have 
shown by previous tests to have ash 
contents varying annually 


than 


varying sources 


more than 


+2 per cent 
Test Sampling Procedure 


rhe coal sample increments collected for these tests 
were six pounds each and were obtained by digging down 
approximately 18 inches into the coal at six equispaced 
points in each car, as shown in Appendix. At 
sampling point, the increment was removed by a shovel 


each 


and placed in the sample container 


The entire program included sampling 38 coal ship 


? Division Engineer, and fAss 
Dept 


From each shipment, six cars were sampled by 
From eight of 


ments 
taking the six increments from each car 
the shipments the increments were obtained individually, 


placed in friction-top cans, sealed and submitted for 


From the remaining 30 shipments the incre 
iorm 


inalysis 
ments were collected and composited to gross 
samples 

Each gross sample was individually crushed to minus 4 
mesh size in the crusher-sampler and divided into two 

follows 1) by collecting the 

portion from the crusher-sampler and (2) by riffling the 
reject unother sample of approximately 
the about 20 Each sub- 
sample was then reduced in the laboratory and analyzed 


subsamples as save 
portion to form 


same size, namely, pounds 


in the routine manner 


Tob Samp ing Test Result 


individually 
From these 


The results of the ash analysis of the 
collected increments are shown in Table I 
data, calculations were made of the variances of the coal 
within cars and between cars by the method 


In the analysis of the var- 


sampling 
outlined in the Appendix 


iances obtained, allowance was made for the variances of 


sample preparation and analysis 

he variance within and between cars calculated from 
the data so collected is shown below 

It is evident that the different coals vary widely in de- 
gree of uniformity. Where samples of the same coal 
were taken with two different weights of the increments, 
no apparent difference was effected by the change in in- 


crement weight. From this, it would appear that the 


FF UNIFORMITY OF 


CAR AT PIERS 


rage Analy 
*er cent Variance 
Volatile Per cent Bet ween 
Matter Ash r Cars 


0.2152 
0.7944 
0. 1008 
1.5758 


1664 


0301 


2091 

1 0471 

0364 

value 

both cargoes 0289 
verage within 

shipments >. 1¢ 5 0.6219 





Editor's Note: This is the second of a three 
article series. The first reported on the ac- 
curacy of sampling mixed coals with small in- 
crements and the third reports on accuracy of 
laboratory preparation and analysis. 
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between contiguous portions of the coal 
ll area is relatively insignificant compared to 
the difference between relatively widely spaced incre 
ments within the car. Furthermore, it appears that, 
except where the coal may come from different original 
sources, such as in the case of Coal D, the difference be 
tween cars is relatively small compared to the variation 
within a that is, the 


difference 


within a sma 


from point to poin given car; 


patches of il are small, with the pattern of possible 


quality repeating over the same range from car to car 

Calculations were then made of the 
ment requirements for ASTM accuracy on coals of 10 pet 
cent ash content within +1.0 per lable II 
ilculated requirements for each of the three 


each 


minimum incre 


to be 


shows the 
classes de ril 1 ibove Provision is made in 
ore cars with a corresponding decrease 
and a resultant 

For Class I 
rease in the samples required with an 
1O to 20 cars 


[II coals 


case for san 
in the nun f increments 1n each car, 
decrease size of the gross sample 
coals, there 
ncrease in size of the shipment from 


However, this is not true for Class II and Class 


ethods require an accuracy ol! 2 


ntent of the coal and consequently for 
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low ash coals (i.e., 5 to 9 per cent) the sampling require- 
ments are more stringent If a small number of cars are 
to be sampled, and the results reported are understood 
to be the analysis of those cars only and not the analysis 
of the entire (larger) shipment, then the minimum num 


ber of increments required is as shown below 


MINIMUM NUMBER OI POUND 


INCREMI 


NTS* 
8 
Per 


Cent 


than three increments | 


\ccording to our calculations, for larger shipments a 
slightly greater number of cars must be sampled and more 
increments taken 1n most cases The use of increments 
Previous stud 
taken if the 
this 


of greater weight was not investigated 
shown that fewer increments can be 
However, 


ies have 


weight of the increment is increased 


effect appears to be comparatively slight in the case of the 


coals investigated, so that a relatively greater increase in 


increment size would be required to effect much redu 


tion in the number of increments needed However, for 


the hand sampling by shovel, no advantage is indicated 


since more, rather than less, coal would have to be 





AMPLING REQUIREMENT rO MEET ASTM SPECIFICATIONS FOR 
With 10 Per Cent Ash Content Corresponding to an Accuracy of +1.0 Per Cent Ash* 
§-pound Increments to be Taken in All Case 
0 Cars or Less 
No. of yt Weight of 


Increment 0. o Gro » be Increment 
per Car me t Sample. tb ed per Car Increment 


handled Any increase in the size of the increments will 
not have any effect on the minimum number of cars re 


Variance within cars 
quired to be sampled, since this is controlled by the dif > ag a 


Ash content of individual increments in 
ference between the cars and is independent of the varia ; 
Number of increments per car 


tion within cars , 
Number of cars sampled 
When the required accuracy is relaxed, as shown for 

Class III coals in Table II, there is a marked reduction in [he variance between cars is estimated from the equa 


the total number of increments required For the high on 


variance coals, however, the use of smaller number of 
increments may yield results of questionable value For _— (3: \ (> > ) 
example, a sample of five increments of Class III coal x &. ) 2 ime y 


from each of four cars for an 11 to 20 car shipment will 
rccuracy of only 2 ,0 per cent whereas for a fi ur 
ment the accuracy will be 1.5 per cent where 


Variance between 


id the other subscripts h 


APPENDIX 


METHOD OF CALCULATING VARIANCE WITH 
~ 7 ; . METHOD OF CALCULATING VARIANCE OF RI 
IN AND BETWEEN CARS gp Fo 
DUCTION AND ANALYSIS OF REGULAR SHII 

MENT SAMPLES 


ill the analyses contain errors due to the reduc ; 
[he variance of reduction and analysis of the shipment 
inalysis of the sample, the variance of this error ; 
, samples was calculated from the 30 gross samples accord 
ve determined Che equation used is 

r to the following equation 


~ 


Variance 
wher Ash content of ‘‘save’’ portion 
Ash content of ‘‘reject portion 


reduction and analysis Number of cargoes sampled 


results obtained on each of th 
samples for which duplicate analyses BASIS OF CALCULATION OF PIER SAMPLING 
were mad REQUIREMENTS NUMBER OF INCREMENTS 
AND CARS TO BE SAMPLED 
Che total number of increments analyzed 
luplicate Che number of cars to be sampled and the number of 


increments per car are given by the equatior 


Che variance within cars is estimated by the equatior 


where 


Spe cified variance 
Variance of reduction and analysis 
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Variance between cars 
\ iriance 
Number of cars in shipment 
Number of cars sampled 

Number of 


within cars 


increments per car 


ARIANCES OF DIFFERENT TYPES OI 


»A FROM SINGLE SOURCI 


riance Within Car 


pound Increments Variance 


SAMPUNG POINTS FROM EXPOSED SURFACE OF 





Ww: OTH OF cae 


t 











Coal sarnple increments collected for tests were obtained 
from coal cars by digging down about 18-in. at the six equi- 
spaced points in the cars as shown above 





Civil Engineers Discuss Air Pollution Problems 


rhe Annual ¢ vention of the American Society of 
Civil Engineers was held in New York City the week of 
; hey worked into a crowded pro 


uir pollution and its attendent prob 


October 24 Ps O55 


papers on this subject were of rather 

special interest the power field 
rhe first The United States Public 
Research Program in Air Pollution 
Arthur C. Stern, chief, air pollution control activities of 
the Robert A Engineering Center, U. S 
ublic Health Cer Cincinnati, Ohio. Contrary to 
pular beli in limited supply and in real need for 
rding to Mr. Stern If, in the 
) improve the protection of our atmos 


Health 


was presented by 


Service 


| ft 


Sanitary 
ter, 
next 
well be the air resource that will limit our 
tio! rransport from great distances by 

itv, materials and food have allowed 


The only major resources we cannot 
ither and cli 
irn to live with the local supply 

efforts, to 


me stage of development as were the 


mmunity are 1tS air, we 
ite must le 
It has date, to main 
sources aft 
efforts to maintain water resources a century ago The 
goal, in the r’s opinion, should be to make as rapid 
ur during the next several 


and is still being m 


uarding the 


progress 7 
dec ides iS h 
tecting the 
At the Se 


nter, in U1 nnatt, 


made 
water resources 
s Robert A. Taft Sanitary 
uir samples from all parts of the 
This effort, 


general 


Engineering 
United States undergo chemical analysis 
for the first tu 
pollution levels of the 


is giving a unified picture of the 


| 


nation and will prove a potent tool 


when correl with the epidemiology of air pollution 


under study by the medical profession 


of the 1 t exciting areas of investigation, as Mr 
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Stern sees it, is the influence of exotic pollution on smog 
formation over urban areas. We must look beyond the 
pollution produced by the afflicted city to the contami 
nant coming in with the supposedly clean air from the 
sea or the lakes. There are indi 


the interaction 


countryside, the many 
cations that 


contaminants may, for many communities, spell smog 


between local and foreign 


Municipal Incinerator 


The second paper by W. A. Xanter, superintendent, the 
Division of Sanitation, Washington, D.C 
Experience with the New Washington, D.¢ 
tor rhis particular unit, known as the Mt 


reported on 
Incinera 
Olivet 
satisfactory solution t 
In Washington 
edet il 
transient 


incinerator, very 
the present Washington, D.C. problem 


the predominantly residential, institutional and F 


has proved a 


characteristics of the city with a rather large 


population and a dearth of available low ground within 
the confines of the city for landfill purposes are of par 
ticular significance. Surrounding areas of Maryland and 
Virginia have been rapidly developing to the point wher: 
they constitute densely 


now metropolitan 


So the 


populated 
centers with landfill problems of their own solu 
had to be an incinerator, properly designed and 
Phat Mr But 


ma national level there is a need for action 


tion 
operated Xanter feels his city now has 

Che two-fold problem of rapidly expanding communi 
ties and constantly increasing per capita production of 
combustible wastes is a serious disposal challenge that 
cannot be by-passed much longer in many areas in this 
country rhe indispensability of properly designed and 

irefully operated incinerators located reasonably close 
to the heart of large centers of population is becoming 


progressively more apparent 





FLUE GAS 


SAMPLE 
INLET 


in 


Sampling 


NEW SAMPLING SYSTEM OPERATES ON STEAM! 


The new Hays Gaspirator* System is designed especially for difficult gas 
sampling problems involving high dust loading and high temperatures. It 
now permits accurate O, measurement, previously impossible in many 
applications. 

This gas sampling system uses steam to obtain a continuous, clean 
sample. Suction which is created by the jet nozzle draws the sample in, 
where it is mixed with the steam. The steam is then condensed. Conden- 
sate and entrained solids drop down, and the sample is forced through 
the analyzer under pressure. 

Hays, in the field of gas analysis for more than fifty years, developed 
the Gaspirator for use with their Magno-Therm Analyzer. 

This analyzer, which operates on the paramagnetic principle, has for 
years been accepted as the leader in the field of O, measurement. Hundreds 
of companies are using the Magno-Therm and Hays electronic recorders 
very successfully in boiler plants and on process furnaces as a combustion 
guide, in regeneration of catalysts in refineries and in many other process 
applications. 

For further details write for Bulletin 55-829-56. 
*Patents pending. 
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Reduction of Iron and Copper Corrosion 
in Steam and Water Cycle With Amines 


By S. M. SPERRY* 
Gilbert Associates, Inc. 


OILER feed pump manufacturers in recent years 
have fabricating from metals that will with 
stand a wide pH range and are less susceptible to 

corrosion [he corrective measures taken for corrosion 
historical order were first, the removal of 


been 


suppression 1n 
dissolved oxygen from boiler feedwater both mechanically 
and chemically, secondly, the increase of the pH value 
of boiler feedwater through recirculation of boiler salines 
and, more recently, by the use of ammonia and finally 
with 

Dissolved oxygen constitutes a major contributing 
factor to corrosion. It is highly important to maintain 
the deaerating equipment in an efficient operating condi 
tion the mechanical removal of dissolved oxygen 
depends upon the soundness of that equipment \fter 
all possible had been made to 
deaerating hot wells and heaters it was found necessary 


amines 


Since 


design 


improvements 


to employ sodium sulfite as an oxygen scavenger to 
remove the last traces of dissolved oxygen in the deaera 
tor effluent Chis treatment in turn protected the metal 
in contact with the boiler feedwater and boiler water since 
constantly maintained 
It was later found 


sufficient, hence 


a reducing agent residual was 
in the boiler feedwater and salines. 

that was not 
provision was made to increase the alkalinity and pH 


boiler feedwater through the addition of 


oxvgen removal alone 
value of the 
soda, ammonium compounds and amines 


rease in pH value of the feedwater ob 


caustic 

rhe desired in 
tained by addition of caustic soda increased blowdown 
As a result a small percentage of boiler salines was re 
circulated to the deaerating feedwater heater to reduce 
required blowdown. This procedure was adopted by a 
number of operators and was instrumental in providing 
protection to other from the 
deaerating heaters to the boilers. The purpose was to 
maintain a pH value in the boiler feedwater between 8.4 
8.6 without continuous chemical feed by changing 
yntrol valve settings as the alkalinity of 


piping and equipment 


and 
boiler salines cx 
the boiler water changed or either an increase or decrease 
feedwater flow 
control had to be 
ill, to be sure that the maximum per 


This system was satis 
for two 


occurred in the 


but close exercised 


factory 


reasons First of 


missible limit was not exceeded and secondly, if an ex 


cessive amount water was recirculated the heat loss 


would be a major factor 
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One of the subjects of great concern to operat- 
ing personnel of central stations was and con- 
tinues to be the treatment of boiler feedwater 


for the elimination of corrosion. The protec- 


tion of boiler feed pump metal from corrosion 
and erosion constitutes an important part of 


this problem. 


rhe continuous trend of power station design to higher 
pressures and temperatures and the efforts of boiler 
manufacturers to build equipment to generate steam of 
the highest purity has presented further problems. One 
point of major consideration was the use of sprayed boiler 
feedwater for superheated steam temperature control in 
either a straight condensing or reheat cycle. Recircula 
tion could not be employed because of the resulting in 
crease in total solids of the feedwater, making it undesir- 
able for use as desuperheating water. 

Further, since the total solids concentrations of steam 
and condensate are frequently less than one part per 
million in practically all cases the water is highly aggres 
sive to metals in the cycle. The presence of free carbon 
dioxide of the order of five-tenths of a part per million 
iccelerates the attack throughout the cycle rhe con 
fronting task was to investigate the possible use of an 
alkaline material that would reduce the corrrosive proper 
ties of the water and at the same time provide protection 
throughout the entire cycle such as in the wet steam 
rea of the turbine. Ammonium compound treatment 
was employed in an effort to attain this end 

When ammonium compounds were added 
vaporized in the boiler and passed off with the steam, 


ammonia 
thence through the turbine and redissolved in the con- 
densate, largely returning to the boiler with the feed 
water 

Ammonia treatment did not specifically prevent forma 
reduced the 
Further, iron 

rhe manner 


iron oxide, it merely 
quantity of tron taken 
not removed by this treatment 


functioned was to neu- 


tion of magnetic 


into solution 
oxides are 
in which ammonia in the cycle 
tralize free carbon dioxide and increase the pH value of 
the various waters to eliminate the corrosive action of the 
water in contact with iron- and copper-bearing surfaces. 

Elimination of the effects of free carbon dioxide re- 
quired establishment of a pH value between 8.0 and 8.3 
lo further reduce the solubility of iron an amount of 
treatment is applied that will be sufficient to raise the 
pH value to 8.8 to 9.0. This upper limit was selected so 
that water possessing an alkalinity corresponding to this 
measurement will not have any effect on cuprous metals 
in the equipment such as condenser tubes and tubes in 
stage heaters 

rhe the 
point of view of reduction of iron and copper solubility 
in the 


ammonia treatment was satisfactory from 


feedwater cycle but in some instances turbine cor 
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rosion developed. This difficulty prompted further study 
and investigation hence several amines were considered 
and tried, which experience resulted in the selection of 
morpholine. 

Morpholine its one of the more stable amines at tem 
peratures currently encountered in boiler operation. It 
not only increases the pH of the feedwater to the desired 
value but also protects against turbine corrosion in the 
initial condensate-forming section. The results we have 
obtained over a period of time indicate that morpholine 
the preventing corrosion 
throughout the entire steam and water cycle available 
to this time and the text deals with this substance. 


treatment is best means of 


Che studies which were the basis for this discussion 
covered a period of several years investigation and experi 
work 


mental it six power stations ranging in pressure 


from 750 psi to 1750 psi with steam generators ranging 


in capacity from 120,000 to 650,000 Ib per hr 


Corrosion in Turbine 


Several articles have been published describing serious 


corrosion problems encountered in steam turbines. The 
corrosion referred to in all cases occurred at and beyond 
Phis 


location is referred to as the stage at which the dewpoint 


the location at which condensate is first formed 


is reached but, in general, the term initial condensate 1s 
used. It has been stated that corrosion is most preva 


lent in a turbine operating on a straight condensing 


cycle rather than in a reheat turbine, the reason being 
that in a reheat turbine the moisture region is limited to 
only about the last three stages 

\bout six years ago turbine corrosion became a serious 
that 


view to raising the pH value of the steam and condensate 


problem and at time studies were made with the 
\bout this time, also, the problem of iron oxide deposition 
in boilers was under investigation and since ammonium 
that was 


would be beneficial 


compounds were being used for 
thought that treatment 
inthisrespect. Subsequent turbine inspections indicated 
that 
made to determine the condition existing at the point of 
Ihe findings were that the 
pH value of the initial condensate was between 6.0 and 


purpose it 
this same 
hence further studies wer 


this was not the case, 


initial condensate formation 


7.0 when the pH of the steam was about 9.0 and the 
condensate leaving the condensate pumps had a pH of 
9.0, also. This indicated that ammonia was not provid 
ing protection to ferrous metals in this region of the 
turbine because of the high distribution ratio of ammonia 
it this temperature 

As a result of this investigation it was decided to study 
the possibility of using a volatile material other than 
Since cyclohexylamine and also morpholine 
neutralize 


tmmonia 


were used in low pressure systems to free 
carbon dioxide these chemicals were given consideration 
but morpholine was selected because of its low distri 
bution ratio 
ratio of the concentration of the pH correctant sub 
stance in the steam compared to its concentration in 


For the purpose of this discussion the 


Distribution factor can be defined as the 


the condensate 
initial condensate may be assumed to be that state at 
which one per cent condensate appears in the steam 
Ammonia in the temperature range considered has a 
distribution ratio of around 7 to 10, cyclohexylamine 2 to 
t and morpholine has a distribution ratio of 0.4 Ac 


cording to this data, morpholine would be most effective 
in the moisture-forming region of the turbine. 
rhe distribution ratio is of importance 
requires a concentration of 0.2 ppm NH, to attain a 
pH value of 9.0 in our experiments. Then the steam 
must have a concentration of 1.4 to 2.0 NH; to produce 
an initial condensate with a pH value of 9.0. A con 


Pure wate! 


centration of 2.0 ppm of cyclohexylamine is required to 


produce a pH value of 9.0 in pure water, hence the steam 
must contain 4 to 8 ppm of cyclohexylamine to yield an 
initial condensate pH value of 9.0. Steam containing 4.0 
ppm of morpholine which has a distribution ratio of 0.4 
would produce an initial condensate with a concentration 
of 10 ppm morpholine and a pH value of 9.0 to 9.2. The 
additional morpholine would be available to neutralize 
free carbon dioxide resulting from the breakdown of 
soluble carbonates and sulfur dioxide from sodium sulfite 

Morpholine replaced ammonia treatment and the same 
tests were conducted, which showed that the pH of con 
densate taken from a low pressure extraction point was 
8.8 to 9.0, the same as in the steam leaving the boiler 
Iron determinations indicated the presence of low con 
centrations and in some instances zero in samples taken 
from a low 
these data morpholine will provide protection throughout 


pressure extraction line. On the basis ol 


the steam and water cycle 
The Use of Amines 


Certain amines were used in low heating 


systems prior to the time it was thought that they would 


pressure 
be applicable to central station use. The main reason 
for using amines in heating systems was to eliminate 
return line rhere different 
types of amines that can be used for this purpose; how 


condensate corrosion are 
ever, they are not all applicable to the treatment of steam 
and condensate in central power stations 

One of the 
hexylamine which was satisfactory for use in boilers 
Since 


amines that was first used was cyclo 


operating at steam temperatures below 400 F 
that time it that this 
material can be used at much higher temperatures with 


has been demonstrated sami 


out decomposition. A considerable amount of time was 
devoted to research in which different types of amines 
were subjected to tests and the three which appeared to 
be the most promising were cyclohexylamine, diethyl 
aminoethanol and morpholine 
less tendency toward breakdown and the formation of 
ummonia at the higher pressures than other amines 


These amines showed 


lests conducted up to 2500 psi and for steam tempera 
tures up to 1200 F showed that when morpholine was 
there were no sharp increases in the amount oi 


breakdown to form ammonia, which indicates that it is 


used 


relatively stable under these conditions 

Since the formation of 
imine breakdown it 
throughout the cycle periodically for the determination 
of ammonia. Consideration must be given, however, to 
ammonia concentrations before amines were used and 
where ammonia was naturally present it may be difficult 
to definitely decide regarding decomposition. At those 
not present or remained 
constant increase will constitute a 
measure of decomposition or breakdown. Another point 
in favor of morpholine is that the distribution ratio is 
such that it concentrates in the initially 


ammonia is an indication of 


is advisable to obtain samples 


stations where ammonia 
low level any 


was 


ata 


formed conden 


November 1955—-C OMBUSTION 





sate with a distribution ratio as explained above under 
Corrosion in Turbines of 0.4. 
Vorpholine Treatment 


By this 
is the morpholine enters the bower with 


Morpholine is a readily volatilized material 
is meant that 
the feedwater it vaporizes and leaves the boiler with the 
state until the steam 
whether the condensation takes place 
last the turbine or the 


condensation occurs the morpholine 


It remains in a gaseous 
begins to condense, 


in stage he 


iters, the 


When 
solution and it immediately neutralizes 


stages of 
condenser 
is taken 
tree carbor 
the 
ferrous 


xide and increases the pH value, depending 


upon unt of morpholine present. In so doing 
the 


their 


| copper alloy materials are protected since 
solubility decreases as the pH of the condensate 
increases 

Morpholine does not have any effect upon treatment 
rhe 
boiler water itself will contain morpholine but its presence 
lies entirely in 


which is employed primarily for the boiler water 


is of no ince rhe importance 


tained in the steam, condensate and feed 


signin 
the amount cor 
water rhis treatment is being used at stations employ 


ing the rehs vcle and has been used successfully at a 


number of other stations for the past several years 
It may appear from this description that morpholine 
1 in order to bring about the desired condi 
ind all that 
is to perform a few simple tests for con 


rhis is not true, 


can be 


ipplie 
tions in the lensate and boiler feedwater 
will be required 
trolling the treat 


used analyses should be performed twice 


ind where 1s it 


and the 


ment 
l d Ly 
d according to the results obtained 
throughout the 


treatment varie 
The 


System, al 


morpholine is distributed evenly 


id with any loss of water or steam it is necessary 


to add additior Evapora 
tors fed witl 


il quantities of morpholine 
sodium-cycle-cation-exchange-softened 


water produce vapors which contain appreciable quanti 


ties of carbon dioxide Much of this gas can be removed 


by venting and deaeration and the remainder which finds 


its way into the cycle is neutralized by morpholine treat 


ment Boiler feed makeup water furnished by demin 


virtually bicarbonate and free carbon 


ill such plants require 
adjustment 


eralizers will be 


dioxide, hence lower morpholine 


for feedwater pH 


value Steam 
generators which are refilled 


pairs should be dosed with morpholine in 


being with water after 

cleaning or re 
the same manner as sodium sulfite is used 

\ttentior lirected to the fact that large morpholine 

dosages may be employed uselessly after the pH value 

iler feedwater has been raised to about 9.0 

point relatively large dosages are required 


ilue 


Bevond 
to obtain a small 


11 


increase 1n pH V 
1fter Condenser Drain 


condenser drain samples is a 


The inalysis 


Satisiactory me 


alter 
ins of evaluating the eect of morpholine 
If a record of analyses of these samples is 
the start of will be 


1 comparison of the results obtained 


treatmen 
available prior t this treatment it 
possible to make 
Under normal 


to the 


onditions these drains should be returned 
system, provided, of course, that they do not con 
tain high concentrations of iron, copper or ammonia In 


determine whether or not they should be wasted 


order to 
or reclaimed will depend upon the sample 
The ige of after condenser drains in relation to 


inalyses 


percent 
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the total feedwater flow is relatively small and if the 
drains do contain iron and copper and are returned to the 
system it may not have any noticeable effect on the re 
the feedwater 
used as a means of preventing iron and copper deposits in 
boilers or other equipment throughout the feedwater 
system all possible precautions should be taken to elim 
One way to do this 


sults of analysis. Since morpholine is 


inate these materials from the cycle. 
is to waste the after condenser drains when the concentra 
tions of iron and copper exceed the maximum values 

Studies made in our laboratory analyses which have 
been submitted from widely scattered stations indicate 
that the following maximum limit should be adopted as a 
guide in deciding whether or not the drains should be 
wasted or returned to the system 


Iron Fe 
Copper Cu 


0.04 ppm 
0.04 ppm 


{nother factor that can be used in deciding whether 
or not to waste the drains is the concentration of morpho 
If the morpholine content exceeds 
wasting 


line in the system 
that which 


the drains until such time as the concentration is reduced 


is desirable it can be reduced by 


to within the recommended range 


Results of Treatment 


rhe results show that the pH of the steam, condensate 
S8 to 9.0 with a 
1.0 ppm This 1s 
required amount of an 
solution. In 


and feedwater can be increased to 


morpholine residual of 3.0 ppm to 
iccomplished by feeding the 
approximately 40 cent morpholine 
some cases a slightly stronger solution is used but this 1s 
immaterial since the pH value of the sample is governed 
rest data 


distributed 


per 


by the concentration of morpholine present 
that evenly 
throughout the steam and water cycle, 
in the 


show morpholine is rather 


which is evident 
comparison of the 
pages With morpholine as well as with ammonia tt will 
be noticed that samples thus treated do not contain any 


inalyses shown on following 


free carbon dioxide and the pH values are close to the 
Further, the concentrations of 
the effe 


range mentioned above 


iron and copper are low, which demonstrates 


tiveness of the treatment 

For some time concern has been expressed regarding 
the effect the various chemicals would have on copper in 
the presence of dissolved oxygen. Recently tests were 
conducted at room temperatures to determine if morpho 
copper if the was saturated 
The that 


hexylamine and morpholine showed no detectable copper 


line would dissolve water 


with dissolved oxygen results wert cyclo 
pickup with concentrations varying from one to fifty 
parts per million. It was further found that ammonia 
showed no copper solubility until a pH above 9.5 was 
established and with pH values of 10.0 and above the 
The data on cyclo 


matter of in 


action on copper was appreciable 
and ammonia 1s included as a 
however, morpholine is recom 


hexylamine 
lormation 
mended for use in place of the other chemicals referred to 


and reference 


Dissolved Oxyven Removal 


In regard to the treatment of boiler feedwater for the 
removal of the small amount of dissolved oxygen that is 
normally encountered we recommend the use of sodium 
sulfite. It is that 


made regarding the decomposition of this chemical at 


realized certain claims have been 
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elevated boiler temperatures but it has been our experi- 
ence that if the treatment is properly applied and ade- 
quate control is exercised decomposition will not progress 
to any measurable degree. At some locations sodium 
sulfite was fed into the system intermittently, which 
momentarily established high concentrations and the 
result was decomposition of the sodium sulfite. In order 
to overcome this action it is recommended in all cases 
that the sodium sulfite solution be fed into the boiler feed- 
water continuously and that the concentrations in the 
boiler be maintained within the range that is recom- 
mended for proper protection of the boiler metal. 
During recent years other materials for the prevention 
of corrosion in the boiler cycle have been experimented 
with, but to date the data available have not been suffi- 
cently conclusive to justify the recommendation of these 
chemicals as a replacement for sodium sulfite. Further, 
sodium sulfite is relatively inert and easily handled, 
whereas one of the most prominent chemicals that have 
been suggested as a replacement is toxic and may have 
an adverse effect upon personne] handling this material. 


Station Survey 


rhe effectiveness of the three methods of pH control 
upon which most of our studies have been concentrated 
are demonstrated by typical analytical data obtained at 
three different There has been included a 
series of analyses made upon samples taken from a cycle 
where no pH correction or recirculation were used 
These analyses are supplemented by design data from 
the four stations, Tables I-V. 


stations. 


TABLE I STATION DESIGN 


DATA 


Station A B 


Boslers 
Number ! a I 
Pressure, psig 1300 1400 1465 a7 
Temperature, °F 955 900 1005 910 
Steam capacity, |b/hour 400.000 275.000 560,000 250,000 
Water capacity, Ib 106, 500 60,513 103 , 600 51,000 
Peedwater temperature, °F 410 220 450 400 
Fuel oi Coal Coal Coal 

Deaerating heaters 
Capacity, Ib/hour 42 
Dissolved oxygen, mil/liter 

Evaporators 
Capacity, |b/ hour 15.000 
Station makeup 1-2 

Application of treatment None 


5,000 
0 OOS 


400 000 (2 
0.005 


560 ,000 
0.005 


500 000 
0.000 


24,000 15,000 14,277 
1-2 0 81.2 1-2 
Recir Pump Pump 


Actual analyses of water samples taken throughout the 
steam and water cycles at the four stations selected for 
these studies are shown in Tables II, III, IV and V. 

TABLE I! 


ANALYSES OF CONDENSATE 


A B C D 
No 
Treat 
ment 


Recir Am Mor 
culation monia pholine 
P. alkalinity aCO 0.0 0.0 Tr 1.0 
M. ©. alkalinity aco 20 20 20 3 5 
Chlorides 0 39 0 39 0.39 
Total hardness 0.0 0.0 00 
Free carbon xi 1 0.6 0.0 
Hydrogen ww o " 6.5 f, aa 
Total iron 1 0.06 2 Tr 
Copper 0 02 4 Ir 
Ammonia : 0 00 0.05 
Morpholine ‘ 0 00 3.35 
Total 0 80 0 80 


Determination mula 


solids 


Results expressed in parts per million, except pH 


The effect of the treatment is immediately noticeable in 
the last two analyses of the condensate, Table II 
Analyses listed in Table II under headings ‘‘No Treat- 
ment’’ and “Recirculation’’ show higher iron concentra- 
tions but in regard to the copper there does not appear 
to be any appreciable difference. The analysis under 
the heading “Recirculation” is in the same category as 


that shown with “No Treatment’”’ since with this practice 
the condensate remains unchanged. 


TABLE III—ANALYSES OF FEEDWATER 


Station : B C D 


Mor 
pholine 


Recir Am 
Formula culation monia 
P. alkalinity CaCO, 0 
M. O. alkalinity CaCo, 3 
Chlorides Cl 5 3% 0.3 
Total hardness CaCO 0 
Pree carbon dioxide COr 0 
Hydrogen ion conc pH 5.3 } s 
Total iron Fe 0 
Copper Cu 06 kc 0 
Ammonia N 00 0.1 
Morpholine CsHsNO 00 0 
Total solids 90 5.2 1 


Determination 


Results expressed in parts per million, except pH 


The effect of the treatment is clearly shown in Table III 
in regard to the values reported for iron and copper. 
The second analysis of Table III indicates a relatively 
high iron content in spite of the fact that the pH was 
increased. This iron in part could have originated from 
piping and equipment preceding the deaerating heater. 
It is interesting to note that the water treated with 
morpholine does not contaiu either iron or copper 


TABLE IV ANALYSES OF BOILER WATER 
A B ¢ 
No 

Treat 

ment 


Recir Am 
Determination Formula culation monia 
P. alkalinity CaCO, > Re 
M. ©. alkalinity t 108 
Sodium chloride l } 
Hydrogen ion con 
Sodium sulfite 
Soluble phosphate 
Sodium sulfate : 412 
Silica ’ 2 5.50 
Total iron 0.10 
Morpholine C,HsNO 0.0 
Total solids 135 46 
Results expressed in parts 


per million, except pH 


Table IV is included to complete the data throughout 
the cycle. The boiler water analysis will not be affected 
regardless of the treatment employed, with the exception 
that where morpholine is used it will be present as shown. 
rherefore, it is possible to maintain normal concentra- 
tions of the various constituents in the boiler water with- 
out experiencing any difficulty. 


TABLE V ANALYSES OF STEAM 


A B 
No 
Treat- 


Determination Formula ment 


P. alkalinity CaCOy 0.0 

M. O. alkalinity CaCO; 0 1.0 

Chiorides cl 39 0.39 
Free carbon dioxide COr s 04 

Hydrogen ion con pH ;3 49 

Ammonia N 0 0.0 

Morpholine C.H»NO 00 0 00 
Total solids 67 1 07 


Results expressed in parts per million, except pH 


The importance of the treatment is shown by the higher 
pH values and the presence of measurable alkalinity in 
the last two samples of Table V. Both conditions are 
as expected and indicate that the treatment was properly 
applied. The final benefit is not reflected in the analysis 
of steam samples but is apparent in samples obtained 
from the water cycle. When a sufficient amount of 
morpholine is present the free carbon dioxide and any 
other acidic materials will be completely neutralized. 


Preparation of Treating Solution 


Morpholine is available in five-gallon containers and 
steel drums. We recommend that five-gallon containers 
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be specified when ordering because of the convenience of 
handling. The addition of 9 per cent by weight of water 
lowers the freezing point to zero degrees Fahrenheit, 
hence the solution furnished contains ninety-one per 
cent morpholine. It is desirable to further dilute the 
91 per cent solution to at least 40 per cent strength, 
which will eliminate the possibility of flashing since 
concentrations at or below this value do not flash. 

A convenient formula to use in preparing the solution 
for treatment purposes is to mix the morpholine as re 
ceived with water, preferably cool condensate or boiler 
feedwater, in the ratio of 1.0 part of morpholine to 1.5 
parts of water. To prepare one gallon of solution 1500 
ml of the morpholine are measured and then diluted to one 
gallon. It is not necessary to dilute exactly to one gallon 
hence we suggest that a one-gallon tin can be used for 
this purpose If a larger volume, such as five gallons, is 
mixed, two gallons of the concentrated solution should be 
measured and added to the empty metal container, fol 
lowing which it should be filled with water as specified 

Solutions prepared in the above manner will not be 
exactly 40 per cent strength but will be sufficiently close 

When the mixture is prepared the 
warm, have recommended 
metal rather then glass to eliminate breakage. 


for practical use 


solution becomes hence we 


Feeding Equipment 


Morpholine 
Same 
tion of sodium 
to apply 
preference reg 
whether it be 
directly int 
The latter ist 
sulfite since the 


in be added to the system through the 
equipment used for continuously feeding the solu 
sulfite. The most satisfactory means is 
chemical continuously, and there is no 
irding the that is, 
1dded to the deaerating heater storage or 


the discharge line of the boiler feed pumps 


this 


point of injection; 


ecessary in certain cases in regard to sodium 
boiler feedwater may be used for de 
but this does not have any effect 
upon the results which will be obtained from the morpho 


superheating steam, 


line treatment 

Morpholin 
solution, but it should be diluted to approximately 40 per 
cent strength before it is added to the sodium sulfite 
other tank which is used in connection 


in be purchased in a highly concentrated 


reservoir OT am 
with its application. 


Sampling and Analysis 


It is essential that a series of daily samples be taken at 
the different points throughout the water cycle: that is, 
boiler feedwater, steam, condensate and after condenser 
drains 

These 
should be 
treatment was started. 

The following methods should be used in the analysis 
of the in 


will show the results obtained and 


compared with analyses made before any 


aly ses 


lividual samples 


Reference 


ASTM 
ASTM 
Electric pH meter 
Electrophotometer 
Electrophotometer 
Electrophotometer 
Electrophotometer 
ASTM 


The foregoing determinations are of 


controlling the 


importance in 


application of morpholine treatment 
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Those tests which are most sensitive and subject to 
rapid change from exposure to air during sampling and 
analysis are alkalinity, free carbon dioxide and pH values. 
It is suggested that samples be collected in duplicate so 
that one portion can be used for pH determination and 
the second portion for alkalinity or free carbon dioxide. 
After these tests are completed the remaining portions 
can be combined for the determination of iron, copper, 
ammonia and morpholine. In all instances a special 
sampling procedure and treatment of the sample must 
be followed in regard to dissolved oxygen 


Recommended Limits 


The limits should be maintained in the 


saturated steam, condensate and feedwater, based upon 


following 


data currently available 


Determination Formula 
Free carbon dioxide CO 
Hydrogen ion con pH 
Iron € 
Copper Cu 
Ammonia N 

Mor pholine CyHseNO 


Dissolved oxyger On 


Minimum 
+04 .0 
0.00 


Results expressed in p per million, except pH and oxyger 
Vorpholine Treatment Versus Recirculation 


\fter studying the results obtained, some of the ad 


vantages of morpholine treatment over recirculation of 


boiler salines can be summarized as follows 

|. Increases the pH throughout the entire steam and 
water cycle 

2 rhe effect of carbon dioxide in the steain and water 
is eliminated by the process of neutralization 

3. Decreases corrosion in the turbine and condenset 
shell 

t Provides better 
steam and water piping throughout the entire cycle 
5 Does not increase the total solids of the feedwater, 
therefore the feedwater can be used for desuperheating 
steam which was not practical with recirculation of boiler 


protection against corrosion of 


salines 

6. Improves stage heater performance by reducing 
the amount of deposits on heat transfer surfaces 

7. Improves the operation of regulating valves by 
reduction of oxide deposits on moving parts. 

8. Morpholine has not seriously interfered with the 
functioning of recording and indicating conductivity 
instruments 

9. Decreases the iron pickup through the cycle and 
deposits are reduced to a minimum in the steam generat- 
ing equipment 

10. Causes an appreciable reduction in the copper 
concentration in the waters, thereby reducing the amount 
in deposits throughout the system 

ll. Better control of treatment with 


morpholine and it is not necessary to take hourly pH 


is possible 


readings as was the case with recirculation 

12. Improves the internal condition of boilers, econ- 
omizers and boiler feed pumps, as well as the piping and 
auxiliary equipment 
13. With recirculation insoluble material in the boiler 
salines was added to the feedwater which increased the 
tendency toward deposits in stage heaters 

14. The sodium sulfite demand is reduced following a 
reduction of the amount of iron oxide in the feedwater and 
boiler salines which results from morpholine treatment 
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Fig. |1—Daily tests on a boiler using morphcline show little 


change after a pH of 9.5 is reached. 


nl 7) on 


ms discussed in this paper are currently 


feedwater pH 
indication that this treat 
ment is producing satisfactory results 


All of the 


using 


Statu 


morpholine treatment for value 


correction and there is every 


Boiler inspec 
tions have revealed decreases in the amounts of ferrous 
ind cuprous oxides deposited in the drums and tubes 
ind there is apparently less fouling of the heat transfer 
heat 


morpholine treatment have been made only in stations 


surfaces in exchangers hese applications of 


in which the free carbon dioxide content of condensed 
and cooled saturated steam was of the order of 1.0 ppm 
or less 

rhe literature upon morpholine treatment reveals that 
usually low ammonia concentrations were encountered 
We have that the 


constant but is subject to variation 


found ummoma in the cycle is not 
The same observa 
tion has been made at stations where ammonia concen 
trations throughout the cycle were practically zero before 
treatment, hence it appears as though some decomposi 
the rate of 


dependent upon station operating conditions 


tion of morpholine takes place, which is a 
variable 
It is the opinion of the writer that morpholine treatment 
is a successful means of reducing corrosion of ferrous and 
Adequate 


at hie ve 


cuprous metals in the steam and water cycle 


control should be exercised at all times t 


economy 


worpnoline Treatment 


The curve, Fig after careful considera 


tion of controlled studies at se 


was plotted 
veral steam-electric gener 


ating stations from the time morpholine treatment was 
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Fig. 2—Hour by hour checks indicate ranges of variation of 
feedwater pH and morpholine throughout a typical day 


within the desired 
little chang 


iched 


instituted until the pH was stabilized 


range We have 


ig found that there is very 
in the pH after a value 


f 9.5 has been re 


The curve, Fig. 2, graphically conveys 


boiler feedwater for morpholine ntration 
ilue and 


conce 


the feedwater flow during an av re d in 


one of the plants at which this treatment has been use« 


ntally 


of boiler 


for more than a year his curve was experime 
determined to establish the 
feedwater pH 


throughout 


ranges oO! variatio! 


value and morpholin yncentration 


a typical operating day ment was 


continuously applied at the rate of 0 iorpholine 


to the deaerator storage tank 


It will be seen that there is very litth iriation in the 


morpholine concentration and a corresponding stability 


in the pH values 
apparently possible to control the 


These results are typical, hence it 1s 


teedw iter pH with 


small concentration morpholine 
that the 


not exceed 4.0 ppm The 


relatively 


further shows morpholine concentratior 


mount otf treatmen 


depends on the type of boiler feed makeup, non 


ble gases extracted and miuscellaneous losses 
makeup in this case was approxin 
tilled water 

Fig. 3 shows typical of 
subseque nt to the 


perating at YUU ps1 


initial pe 


300,000 Ib 1 
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EXPECTED INCREASE & pH VALUE FROM MORPHOLIWE TREATMENT Color (APHA 


PROPERTIES 





Odor M AMMoniaca 
Freezing point 4 » U4 
Boiling point o 132 4 


Flash point (open OO te 100 1 





Average weight at 20 ¢ ga 
Surface tension at UV \ lyne 
pH of I solution 


pended matter 


AT ION 
sn ammoniacal o r but it not tex b 1 the cones 
used in boiler water When handling ' ne. breathing 
prolonged contact with the skin sh d be av led Handle 
other volatile bases ch as ammonium hydroxid taking 

ms against etting in eye rn In case of contact mimediatc 
eve or skin with water it 
known chemi 





re 
| 
4 


more hazardous than many thes 
als which are us »wer plants and by observing mple 
can handl with perfect afety Do not store 
exce honed ace : t sh te ' 


Jackli A I xperimn | Bowler ott 
Amine ASME Paper 3 
ser 4 A., and Nigon, | mine Volatility and Alkalinity 


e Breakdow 
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n to Corrosion Control in im Heating Syste 


H nd ! Prevention of 


Sept ’ 
1W., Carson, C. C., and Qu 
of Corrosion in the Moisture R 
SME Papert » 53-SA-12 
ncis I Pursell, John W 
tion of Metal Losses ir 
> : 


et ’ imer in 


a 
Phe Recirculation 











Fig 


3—Typical operating results for a month subsequent 
to the initial period of treatment for a 300,000 lbs per hr 


boiler operating at 900 psi, shows above. 


@ COPY OF CATALOG GIVING FULL OESCHIFTION AHO ENGINEERING OATS SENT UPOR BEQUEST 


FLEXIBLE COUPLINGS 


POOLE FOUNDRY & MACHINE COMPANY WOODBERRY, BALTIMORE, MD 
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EXPERIENCE is the touchstone of skill 


in making ship models or in prefabricating critical 


piping. Mitchell skill, augmented by an exceptional 
range of shop facilities, provides power and proc- 


essing plants with safer piping ... at minimum cost. 


W. K. MITCHELL & CO., INC. 
Philadelphia 46, Pa. 


MITCHELL Pipinc 


PIPING FABRICATORS AND CONTRACTORS 
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of surface is vital to long life 
film 
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Your plant and equipment suffers . . . your 
community goodwill fades away. These problems 
can be solved. Prat-Daniel Collectors are 
designed for the control of industrial dusts 

and flyash. Multiple small diameter tubes 
provide powerful centrifugal forces, 
resulting in sustained high collection efficiency 

.. even with ultra-fine dusts. 


Whether the problem is industrial dust 
or flyash, you are assured of satisfaction with 


P-D Collector Systems, engineered to meet 
your specific needs. 


Write for Reprint No. 102 titled, 
“‘What Type Collector?” 


Project Engineers 
THE THERMIX CORPORATION 
GREENWICH, CONN 


(Offices in 38 Principal Cities) 
Conodion Affilictes: 1. C. CHOWN, LTD., Montreo! 25, Que 
Designers ond Manutocturers 


PRAT-DAWNIEL 
POWER DIVISION 


CORPORATION 


SOUTH NORWALK, CONN. 
Forced Draft Fans, Air Prehesters, induced Draft Fans, Fan Stacks 


Tubular Dust Collectors 
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arolina Power & Light 


again specifies 


Richardson Automatic Coal Scales are playing a 

vital part in helping supply power for the new 
Industrial South. Here are Richardson Model 39’s in an 
outdoor installation at the new generating station 

of Carolina Power and Light. 


To both industrial and utility power generating stations, 
specifying Richardson means — 


0 A 24” x 24” inlet opening and 26” wide belt for 
maximum coal flowability. 
All wiring and controls outside coal chamber. 
Access doors which will not spill dust on floor 
when opened. 
Beam ratio test facilities outside coal chamber. 
Gravity operated by-pass, with no restriction of 
coal flow to downspout. 
No drag links or wires attached to weigh hopper. 
Nationwide after-delivery service. 


Latest development in the 39 Series of Richardson 
Automatic Coal Scales is the Model H-39 shown 
below. May we send you our new 16-page engineer- 
ing data book on the H-39 Coal Scale (Bulletin 
0352), without cost or obligation? 


RICHARDSON SCALE COMPANY - Clifton, New Jersey 

Atlenta * bBuffeleo * Boston * Chicoge * Detroit * Houston 

Minnecpolis * New York * Omohe * Philedeiphia * Pittsburgh 
Sen Francisco * Wichite * Montreal * Toronto 


® erer 


MATERIALS HANDUNG BY WEIGHT SINCE 1902 


equal except there is a danger with 
certain designs of the high-rate units 

ot forming an equally large and 
floc as that with the conven 
design The contact of the 


water with the floc, held b Mr 


Moore to be the most significant 


ik 


design difference, gives the high-rate 
unit a smaller volumetric capacit ir 
a given through-put rate because 
tact time is shortened 
With proper selection of 
high-rate type provides 
condition of sludge separation as doe 
the conventional model rhe I 
rate umit 18 more sensitive 
elocit nd hence the con 
al Satet 
the author express« 
f that the high-rate design is 
capable i good periormance 1! i 
signed for the specific conditi 
intended service 
The third session 
Operating Factors began with 
paper “Selection of Coagulant 
M. Lane, Graver Water Conditioning 
in which he presented the basi 
pts of colloidal chemistry which 
to the coagulation pro 
his company applies them 
ious coagulants in common 
1 


discussed along with their limit 


advantages and disadvantages 
application of information fron 
isting plants to new plants w 
sidered and certain precautions 
vanced in the use of this kind 
information he procedure 
lecting the coagulant by 
properly run ‘‘jar tests a SVS 
author found most valuabk 
presented his procedure appli 
to the entire treatment, including the 
study of the effect of prechlorination 
coagulant aids, and weighting agent 
This information was held to 
useful to those who need to determinge 
the clarification or softening chara 
teristics of a supply for a new plant 
who are responsible for the selection 
juipment for existing plants 
yse who are involved in the da 
day operation of clarification eq 
ment 1e jar test procedure in its 
present form, as presented in this 
paper, has been used for the 
ears very successfully 
J. K. Rice, Cyrus William Rice ( 
started his paper ‘‘Use of Coagulant 
Aids’’ off with a definition of flo 
culation aids These he defin 


substances that when added 


FLOW INDICATORS 


All sizes up 


END FOR ATA 5 


ERNST 
Water Column & Gage Co. 
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dispersed solids will 


locculation to 


cause I 
when added in « 
he addition of a « 
uccelerate the rate of 
increase the specific 
floc ry increase the 
Some aids will 
of these rb iec 
lo all three 
sion of the flo« 
water was em 


principl 
principl 


} *i¢1 


ms was 


.R. Riley, Chemi 


He broke 


nical tests 
the operation of 
lant Detailed ana 
for each of the 
ybtained from the 
for Testing Mate 
in Public Health 
American Water 
and the test pro 
arious water cor 
imber of | 
ented for 


d reading 


ect ineralizatior leature 


presentat N. W. Frisch, F. 
McGarvey, R. Kunin and J. W. 
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Sure way to double check 
vital boiler water levels — 


install Reliance EYE-HYE 


Remote Reading Gage 


It's fine to have automatic controls, but 
be sure you have the important safe- 
guards against possible failure — ade- 


quate maintenance and cross-checks, 


EYE-HYE is your reliable cross-check 
for boiler water levels. A manometric- 
type remote reading gage, it keeps op- 
erators informed on water level status. 
Easier to read than conventional gages, 
although it’s the same familiar form — 
a vertical column of liquid. EYE-HYE’s 
indicating fluid is a pleasing green that 
“pops out”, brightly illuminated from 


the rear. 


You can place EYE-HYE any reason- 
able distance from the drum — above 
or below it, on wall or instrument pan- 
el. Easy to install and maintain — no 
mechanical working parts — no ad- 
justments on location. Write for Bul- 
letin CO and learn how EYE-HYE 
can increase the efficiency of all your 


water levels. 


How one user checks water 
levels in surge tank and feed 
water heater with long type 
EYE-HYEs. (Face plate can be 
calibrated at factory.) 


The Reliance Gauge Column Company 


5902 Carnegie Avenue ¢ 


Cleveland 2, Ohio 


Reliance EYE-HYE 


Remote 


’ hyd ’ - 


Reading Gage 








Moffett, Rohn 


H = Stability of Ani n Exchange 
A ind H. W. Frazer, Infilco 

OIL PUMPING iiediilaay Opeontien 
HEATING SYSTEM 





Every detail part of 
an Enco Automatic Oil-Heat- 
ing-and-Pumping Unit System 
is designed, assembled, a. : 
checked and tested to make — 2 

. Two Horizontal Duplex Piston Type Steam Pumps 

sure that it functions as an and two fuel oil heaters—capacity 15 G. P. M. 
element of a completely coor- %* 7 '- Pressure with sither pump or heater. 
dinated unit. The sizes of 
pipes, fittings, valves and other 
elements are correctly propor- fe 
tioned for the efficient, depend- i r int 1ent reju 


al 


en l 

able operation of the unit as a Ikaline hypochlorite reduce 

whole. All hand controls are , ee 

visible and within reach of the “a “te 

operator for quick starting. 

stopping or cross-over recon- 

nections tw icate One Turbine and One Motor Driven Pump and 

hectecs ind prampe, Adjust. $3 iipniesa!tin shee eect we 

ments and cleaning are simi- ; greater effect « 

larly simplified. y resin than the 

Sixth, accelerated « 
Single or duplicate heaters . thetic waters, al 

and electric or steam-driven 

pumps are used. Intercon- 

nected duplicate units give full 

capacity with either pump or 

either heater. Capacities range d 

from 100 to 5000 G.P.H. of Cee Flettesate! Sophos Sites eas Cena Cibe end 

heavy bunker oil. a Fg a 


pump or heater. 


aa 





BULLETINS ON REQUEST 


08-37 On oil burning, pumping and O8-38 Instruction book on core ond oper- 
heating equipment. ation of oil-burner installations. 


THE ENGINEER COMPANY 
75 WEST STREET CEn¢éo) NEW YORK 6, N.Y. 
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perating equipment 
ossible and moreover 
down at the time of 
cate the exact source 
rhis absolute shutdown 
time the regeneration 
mpleted it was assured 
had been correctly 
od quality water was 
the operating run and 
d then for contin 
the treated water 


to th problem 


Douglas Taber and Walter Hage- 
nau, B-I-F Industries, Inc., teamed uy 
to pr ugh and 

led r o1 velopment 

rhe authors traced 
to the first chlorine 
, built b Wallace 
The changes the i 
have produced 
inherent charac 
Because of thi 
me time 

haracteristics of chl 
blems of feeding it 
solution rhe ur 

and controls over these 
Te sented 
! two talks Ir 
and Waste W ater 
W. T. Griffiths, Mil 
* j | 


rhe Rol a the 

ter in Boiler Water Lor 
R. McFarland, W. H. 

i R. T. Griffith, Hill 


were devoted ir 


Mashinter 
\f 
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REFRACTORY CEMENT 


¢ BONDS STRONGER 
e LASTS LONGER 


For Example- 


On Induced Draft Fan Casings —Where previously repairs required heavy, 
abrasion-resistant steel plates, now a coating of Super #3000 provides safe 


protection for many months against the scouring action of fly ash 


On Inside Duct Lining —A 4" thick layer of Super #3000 over the insulation 


provides long-life refractory lining that withstands erosion of hot abrasive gases 


On Boiler Tubes —By painting the tubes (in the second and fourth pass of 
the boiler) with a thin mix of Super #3000, considerable protection is provided 
against erosion. This large public utility now does this work on all its boilers 

There cre a great many more reports of Super #3000 success—where other 
refractory mortars have failed quickly and utterly—in boiler walls and arches, 
coke oven floors, furnace linings, etc 


Users call it the ‘Wonder Cement.” Try it—you'll agree. 


REFRACTORY & INSULATION CORP. 


REFRACTORY BONDING AND CASTABLE CEMENTS 
INSULATING BLOCK, BLANKETS AND CEMENTS 


124 WALL STREET © NEW YORK 5, N. Y. 





main to the manner in which a specific 
equipment could fit certain require 
ments. In the case of the Griffith's 
paper controlled volume pumps were 
discussed in their application to pro 
portional feed and automatic control 
systems and a number of typical 
water treating processes and opera 
tions were advanced 

The McFarland, et al., paper dis 
cussed the McCannameter which was 
designed to provide the pressure pro 
ducing possibilities and the metering 
properties of a positive displacement 
pump, combined with the ability of a 
diaphragm type unit to pump hard 
to-handle fluids plus continuous flow 
characteristics approaching that of a 
centrifugal pump 





Business Notes 











An international conference on sci 
entific basis of applied solar energy 
will be held at the University of Ari 
zona, Tucson, October 31 and No 
vember | as a prelude to the World 
Symposium on Applied Solar Energy 
to be held in Phoenix, November 2-4 
joth the Tucson and Phoenix meet 
ings will be jointly sponsored by the 
Association for Applied Solar Energy, 
Stanford Research Institute and th 
University of Arizona. 
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STAINLESS STEEL 
GAGE 


” 
e 
2 
- 
ve 
. 
3 
° 
_— 
_ 
nw 
7. 
} 
“ 
£ 
= 
. 


SHIPMENTS 
FROM STOCK 


FIG. 8SS 


Send for Catolog 
Phone Livingston 6- 1400 


ERNST WATER COLUMN & GAGE CO. 
LIVINGSTON, N. J 


80 


When buying coal it’s not 
always wise to save pennies on 
price. Lowest steam cost—not 
lowest cost per ton—is the true 


measure of combustion economy. 


At our Enos 
and Enoco Mines... 


Our quality Fifth Vein coals are 
carefully processed then blended 
to each customer's specific size 
requirements. Quality control, 
flexibility of sizing, continuous 
uniformity and dependable de- 
livery of the Quality Fives gives 


you actual fuel economy. 


Enos and Enoco—The Quality 
Fives—have performance rec- 
ords which are Fact, not Fancy. 
May we save you pennies— 
and dollars? 


ms e000, 
Place a trial order. 
Make a test comparison. 


4 . 
‘nee 0” 


THE ENOS COAL 
MINING COMPANY 


Soles Offices for Enos and Enoco Coals 


1405 Merchants Bank Bidg. 310 S. Michigan Ave. 
Indianapolis 4, Indiana Chicago 4, Illinois 


AIMME-ASME Mining and 
Fuel Engineers Hold Meeting 


From October 19-21 the Fuels Di 
vision of the ASME and the Coal Divi 
f Mining 


Ohio for 


sion of the American Institute 
Engineers met in Columbus 
their annual Joint Conference on Solid 
Fuels. The program was a rather strong 
one and covered not only the usual coal 
and coal-burning problems but also dis 
cussed lignites and synthetic fuels 
rhe papers of particular interest 
power field are abstracted bel 

Future 

thetic Liquids and Gasé 

by H. R. Batchelder a: 

Nelson, Battelle Memorial 


reproduced in its ent 


The paper, 


has been 


this issue on pages 49 t 


Earle C. Miller, Riley Stoker Cory 
in his paper u ! 
Stoker Design 
tion’’ is the newest 
desigr New designs 
stoker manufacturers 
ducing operating effort 
inating the drudger 
associated with stol 
plete mechaniz 
handling togeth 
in combustion 
erating costs and 
ind availabilit 
addition to 


trons 


better 


pearamn 


full automatic control, aut 
removal makes constant 

the small stoker fired plant 
the past It is probable 
disposal and coal supp! 

in hand and will be perfor: 
coal supplier rather than 


sonnel of the small pla 


Automatic self-cleanin 
of stokers in small units 
desired. Large underfeed s 


: 
eling and chai 


grate 

this principle of lf cleanir 
but their cost 

small plants 
firing, completel 
ing stokers must 
reasonable 
Recent! 
introduced 


liacturers 1! 
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inulacturer reports REINHOLD BOOKS have created opportunites for men 


a vibrating grate for Engineers trained in fuel technology Instru 
high coking coals ment and control companies hire 
he United States and FREE EXAMINATION 


dust collectors will rhe air and water pollution problems 
with this stoker : -) FIFTH SYMPOSIUM [INTERNATIONAL) ON ‘ p tron Tr . ' 
, rk € Al Se Stee tiene Geneatiie = 7% our metropolitan areas have re 
liacent sections of the bustion Symposia. The Combustion Institute ‘ nost ¢ sulted in ordinances which create 


Diete, authoritative « 


made extremely tight qecembbled en the combustion peableme tnveived in Un additional opportunities And large 


them as servicemen and salesmen 





rs that assures low am. fan ee bp ~ consumers of coal are beginning to 
ally at low rates ~~ ~5.. ae ee a oe er es find the employment of fuel tech 
offered as purchasing agents 
profitable move 
TEMPERATURE: Its Measurement and Control \ paper of considerable interest 
= Selesce and Sadeatoy, Vas. 3 ctteed Op Hugh | Navy Practice of Designing for Dual 
— om : penpostians Fuel Firing in Shore Station Steam 
Plants" was presented by L. F. Dem- 
ing, head, power-generating section of 
the USN Bureau of Yards and Docks 
. ' " Mr. Deming pointed out the Navy 
INSTRUMENTS FOR MEASUREMENT AND Department is believed to be the 
CONTROL by Werner G. Holzberk. Describes and | world’s largest user of landbased 
boilers with upwards of 12,000 boilers 
operation during the last heating 
MATERIALS FOR NUCLEAR POWER REACTORS season. Not all are used for heating 
Shometend she test service only, however Included are 


eat wer reactors, their fur 


rated « ipacities ranging trom 600,000 


these ter essary sotert te pl wae ; Btu per hr to 200,000 Ib of steam per 


stl t ty parts of ar ® : hr with the highest pressures 2500 
have WATER magmas me 5s INDUSTRIAL AND psig and maximum steam tempera 
: OTHER USES eke > lL. A clear, ex! tive, pre > 
Growth water , ritie i 1100 | rhe majority operate 
of the pe car verge grea Sen Geer tied { ) psig or less The annual cost 
times ee gpm geben = Rarer sees cates mage a or coal is approximately $10,500,000 
ind the cost for oil and gas fuel 1 
slightly less then twice that amount 
The most urgent area to attack 
iuse of the more extensive use 
ol and gas fuel, was considered 
eo oil and gas fired boiler which 
was the 
T. S. Spicer, 
niversit \ 


this paper at 


the now standard specifi 

fabricated package 

[ tube boilers for the De 

vartment of Defense under the Num 

ieee ' MIL B-17095B Available sources 

cenronmance, Pm yy ols have increased from three or four 
/ widema ( - 


inufacturers to not less than eleven 


haracteristics of 1 nts manufacturers conforming to the spec 


defines 
ition Capaciti up to 10.000 Ib 
hr are available Installed cost 

dr pped Water tube boiler 
Scotch 


ind its range from 
fuel chemistr 


road coal indus MANUFACTURE AND APPLICATION OF LUBRI- : a ' wit! 
oductir prepara CATING GREASES by 0 J. Boner The most complete 1ow competitive with 
nd utilises: + nig on om ap ’ : marine boilers in capacities down to 
Ati 7Zation is t prope . € rica . 4 ‘ ; 
ning s thickeners and sdditives ling suct 1000 Ib per hr in some case ind al 

istries rhe mag eve senee, catetiteh nape ond ¢ 
‘ } mp geilir : talled attention Everyone cor most without exception in ¢ ipacities 

ry, the supply and prived © preparation or use of grease lubricants 
ist nd their ’ enormous practical value 1954, $18.50 Of 12,000 Ib per hr and above using 

sts, am e 


ies it NOMOGRAPHY AND EMPIRICAL EQUATIONS tandard Na peciiication 
’ Beg A Ny B., 4 EK E The f 
r ; pr ble me ? ; ae wot a uae 9 See oe a? fected idversel the competitive posi 
eal problet ) alruls 1 
sie inte fuel tach PROBLEMS AND CONTROL OF AIR POLLUTION 
, Committe 4ir-Pollutio *, AB ind coal are potential fuel the trend 
. st 1 ternational ¢ ss 
s foremost authorities was invariably to oil in plants where 
19 $7.50 


liscussed 


oregoins tandardization af 
portunities are 


tion of coal In areas where both oil 


the factory fabricated oiler could 


CHECK AND MAIL TODAY ““ “oes yoy gla 


dual fue 
REINHOLD PUBLISHING CORPORATION } u next directed it itter 
attered over Dept. M-866, 430 Pork Ave., New York 22, N. Y. tion to the coal burning plant 


| 
other engineers Please send me the books cherked shove for 10 days The fi ywroach in this field 


‘ Ty nes ‘ FREE EXAMINATIO® 
fuel engineering . msisted of ; tudy of the Nat 


chnologists have val burning plants, the capabilities of 
their original “ he firing equipment, and the relation 


coal pecihca Ww to those ca 
bnlities and to the potential market 


irea. under consideration 
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BOOKS 








Flow and Fan 


By C. Haroitp Berry 


226 pages Price $4.00 

The underlying purpose of this book 
is to serve the user who must select a 
fan to meet specific needs. It is in 
tended primarily for those interested in 
ventilation practice. The author has 
attempted to present a simple state 
ment of the data needed and the 
methods used for finding the aggregate 
resistance of a system 

In the opening chapter underlying 
assumptions and factors in the measure 
ment of gas flow are discussed. De 
tailed instructions are next provided for 
rhree 
chapters are devoted to losses in straight 


pressure and loss calculations 


ducts, diverging passages, and under 
special conditions. Subsequent chap 
ters take up fan performance and vari 
ables which influence it, a comparison of 
relationships for the fan and the system 
fan selection and rating, and fan opera 
tion and control 

rhere is considerable material on the 
subject of control of air volume which is 
of direct interest to power field men 
rhe different means by which control is 
established—-damper, variable speed for 
drive, vane control, or a combination of 
them-—are discussed in quite some detail 
and a number of supporting curves of fan 
keved to 


performance and volume 
the material 


Introduction to Nuclear 
Engineering 


By R. L. Murray 


11S pages Price $0.35 

Based on a series of lectures given bv 
the author in the undergraduate and 
graduate curricula in nuclear engineer 
ing at North Carolina State College, this 
text is probably the first of many that 
will find use in training future engineers 
in this subject matter. It is intended 
to provide junior or senior students with 
a perspective of the nuclear field and in 


cludes typical engineering problems that 
may be encountered. As a teaching 
approach, the author first presents the 
qualitative concept, then an elementary 
mathematical analysis and finally a re 
view of the applications and significance 
of the material. Practicing engineers 
will also find the book to be quite under 
standable and a helpful reference work 

The text begins with a review of 
modern atomic and nuclear physics 
followed by consideration of neutrons 
fission, isotope separation and plutonium 
Six chapters are devoted 
including 
principles, descriptions of the water 
boiler and swimming pool reactors, 
methods of reactor start-up and opera 
tion, materials of reactor construction, 


pre duction 


to nuclear reactors, basic 


and some of the elements for designing 
enriched and natural-uranium reactors 
Consideration is given to such subjects 
as heat transfer and fluid flow, radiation 
hazards, shielding, radioactive waste dis 
posal, instrumentation, neutron experi 
ments and uses of isotopes The con 
cluding two chapters take up applica 
tions of nuclear energy to propulsion and 
for stationary power generation. A set 
of problems and a short bibliography 
accompany most of the chapters 


Heat Transmission 
Third Edition 
By Wiittam H. McApams 


~~» 


532 pages Price $8.50 


Engineers concerned with heat trans 
fer design problems will welcome this 
Third Edition of what has become a 
classic text and reference on the subject 
of heat transmission The new edition 
like its predecessors, is sponsored by the 
Committee on Heat Transmission of the 
National Research Council. Prof. Me 
Adams has critically reviewed the mate 
rial in the earlier editions so that the 
present one is representative of the 
Much the same 


arrangement of the subject matter has 


current state of the art 


been kept, but certain of the earlier 


references have been omitted where re 
cent data of greater accuracy are avail 
able. 

For those unfamiliar with the earlier 
editions, a listing of some of the subjects 
covered by chapter headings will give an 
idea of the scope of the book. These in 
clude steady and transient conduction 
radiant-heat transmission; natural and 
forced convection; heating and cooling 
inside and outside tubes; compact ex 
changers, packed and fluidized systems; 
high-velocity flow; condensing vapors 
and boiling liquids; and applications to 
design. 

rhe author is especially careful to list 
and clarify nomenclature at the begin 
ning of chapters and to include many 

ypical problems, some of which are 
worked out in detail. In the appendix 
there are 45 pages of useful tables and 
conversion charts. One of the most 
valuable sections is the 30-page bibli 
ography and author index, listed by 
chapter with page references, which in 


cludes data released through 1952 


Lubrication of Industrial and 
Marine Machinery 


By W. C. Forspes—Rev. sy C. L. Port 
AND W. T. EVERITT 


351 pages Price $6.50 


In this book a new interpretation of 
the material of lubrication is presented 
in the light of modern developments 
It includes graphic descriptions of the 
characteristics of conventional lubri 
cants and a detailed analysis of the 
chemistry, refining, compounding and 
specifications of lubricants. Basic mech 
anisms are studied in their relation to 
lubricants, and the authors dwell at 
some length on the limitations to which 
lubricants can be put. 

Among the subjects covered are the 
chemistry of petroleum, refining light 
distillates and lubricating oils, fatty oils, 
methods of testing lubricants, bearing 
lubrication, applications to various types 
of machinery and prime movers, heat 
treating oils and cutting oils 


COMBUSTION PUBLISHING COMPANY, INC., 


Enclosed find check for % 
NAME 
ADDRESS 


for which send me books listed by number. 


200 Madison Avenue, New York 16. N. Y. 


Postage prepaid im the United States on all orders accompanied by remittance of amounting to five dollars or over. 
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DE LAVAL last longer... 


OPPELLER 


Sum Ps cut maintenance costs 


Stages ore arranged to reduce 


differential pressures be- ‘ , : 
Pairs of back-to-back Labyrinth wearing rings permit safe 


impellers balance axial thrust. clearances and reduce wear 
One-purpose thrust bearing / 

carries no radial load, 

maintains axial alignment. 


tween stages. This insures 
permanent sealing at 
the casing-joint and at 
interstage diaphragms. 
All bearings are ring-oiled, 
sealed against contamina- 


tion by water or dust. 
Renewable shaft sleeves through Oil cooling is used 


stuffing boxes prevent shaft wear, ¥ when required. 
at this point. 0 
> ri ' | , ; . 
: ie > & ~ 2 NG 7™ ? 
ae Re SoS le | Nil SS t- 


——— iad! id! 


Senin iit 
=— ) & Ha 


Threaded impeller wearing rings Individual impeller mountings, with split locating rings, Casing support insures coupling 
make replacement easy without make interstage shoft sleeves unnecessary. Impellers alignment at any operating 
heating or damage to impellers can't shift with shaft exponsion and contraction. temperature. 


The design features above show clearly why 

De Laval Oppeller Pumps stay on the line longer 
ind cost less to maintain. These pumps are 

used for boiler feed, hydraulic systems, des ailing 
spray, mine dewatering, refinery oil pumping 


and similar services 


De Laval Oppeller Pumps are available in sizes 
from 2 to 4 inches and 2 to 8 stages; capacities to 
1000 gpm, pressures to 1200 psig and tem 
peratures to ,500F 


Here are two De Loval 6-stage Oppeller 

Pum d for boiler feed R 

ois ee eee DE LAVAL Oppeller Pumps 
DE LAVAL STEAM TURBINE COMPANY 


886 Notiingham Way, Trenton 2, New Jersey 





C. H. WHEELER CIRCULATING 
PUMPS ore 30” x 42” Vertical 
Mixed Flow, pull-out type. 
Cepacity is 30,000 GPM each 
at @ total head of 36.2 feet. 
Pumps ore driven by 400 HP, 
600 RPM synchronous speed 
vertical induction type motors. 


CH Wheeler. 


C. H. WHEELER 


“ » wve 





“SELF-CLEANING” 
C.H. WHEELER PATENTED REVERSE 


FLOW 


STEAM CONDENSERS 


OPERATE ROUND-THE-CLOCK 


THIS C. H. WHEELER 
PATENTED REVERSE FLOW SURFACE 
CONDENSER is a two pass, divided 
water box, dual bank design 





Pp 


ble of condensing 440,000 Ibs. C. H. WHEELER TUBEJET AIR PUMP consists of 





per hour of exhaust steam. Con- two 2-stage el $, ted on surface 
densing surface is 55,000 square feet. type inter-ofter-condenser. Each 2-stage ele- 
ment is designed to handle 97.5 Ibs. per hour 
air vapor mixture at 1 inch HG absolute. 


New Deaerating Features Reduce Oxygen 
Content to Less Than 0.01 cc Per Liter 


Progressive power companies are eliminat- 
ing condenser shut downs and operation at 
reduced loads by installing C. H. Wheeler 
Patented Reverse Flow Steam Condensers. 
One rapidly expanding utility has just put 
their fourth C. H. Wheeler Reverse Flow 
Condenser on the line. The latest unit, 
shown above, is not only “Self-Cleaning” 
but also has special new deaerating fea- 
tures that reduce the oxygen content of the 
condensate to less than 0.01 cc per liter. 
Continuous measurement by accurate re- 
cording instruments nas proved that this low 
oxygen content is consistent over a wide 
range of load and temperature conditions. 


Condenser circulating water used by this 
power company comes from a brackish 
river, laden with debris and leaves which 
clog steam condensers of regular design. 
“Self-Cleaning” C. H. Wheeler Patented 
Reverse Flow Condensers have solved their 
problem of how to avoid the expensive 


MANUFACTURING CO., 19TH & 


aN mir “ “ 


shut downs required to hand clean clogged 
tubes and tube sheets. 


Debris is flushed away from the tubes and 
tube sheets simply by reversing the flow of 
cooling water through the condenser by 
means of hydraulically controlled built-in 
valves. Cleaning takes only a matter of 
minutes and can be accomplished under 
full load operating conditions with only a 
slight vacuum reduction. The power plant 
therefore can operate at full capacity 
round-the-clock. 


Whatever your problems ore . . . down 
time, deaeration, special operating condi- 
tions or requirements . . . let C. H. Wheeler 
help you solve them. Our engineering skill 
and experience can pay you high dividends 
in economy and efficiency. 


Phone or write your local representative or 
our Philadelphia office for literature 
information, or assistance. 


weso7 


OF PHILADELPHIA 


LEHIGH, PHILA. 32, PENNA. 


“ 
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Euclid Twin-Power Scraper does 
a complete coal handling job! 


Of all the methods used by industrial plants and public 
utilities to stockpile and reclaim large tonnages of coal, 
none does the job as completely and efficiently as the 
Euclid Twin-Power Scraper. 


The “Twin” is entirely self-loading in loose, highly com- 
pacted, wet or even frozen coal. It builds, extends or 
raises a well drained and compacted stockpile . . . carries 
big loads at speeds up to 30 m.p.h. Coal handling with 
Euclid Twin-Power Scrapers is much more flexible and 
economical than using other methods and equipment. 


Many industrial concerns and public utilities have cut 
their coal handling costs with these large capacity, versatile 
* Eucs’’. If you want maximum flexibility at minimum invest- 
ment and operating cost, call your nearby Euclid dealer 
for a production and cost estimate. There’s a mighty 
good chance he can show you the way to lower coal 
handling costs! 


EUCLID DIVISION GENERAL MOTORS CORPORATION, Cleveland 17, Onio 


E.uclid Equipment 


COAL AND ORE 


FOR MOVING EARTH, ROCK, 


Lay7 . ct 
* TTTPH 


Thess are ¢ some 
who are using Euclid Twin- Fone 
Scrapers for coal handling: 


American Gas & Electric Co 
Bethiehem Stee! Cc 

Cleveland Electric ituminating Co 
Detroit Edison Co. 

Electric Energy, inc 

Great Lakes Carbon Co. 

Winois Power Co 

Jersey Central Power & Light Co 
Kansas Power & Light Co 
Northern States Power Co 
Omaha Public Power District 
Pennsylvania Power & Light Co 
Philadeiphia Electric Co 

Sanitary District of Chicago 
Tennessee Valley Authority 

Union Electric Power Co 

United States Stee! Corp 
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Wide Range Acceptance — 


The completely integrated compact 
design offered by Peabody in the 
PK-54 Burner is based on years of 
experience with automatic burners. 
The PK-54, a modern, efficient, 

and improved version of the original 
PK Burner, has gained universal 
acceptance with users throughout 
the United States, Mexico, 

South America and Europe. 


Safety Record — 

Over 200 units now in operation 
are turning in enviable safety 
and performance records . . . 
records that cannot be equaled! 


Positive proof that careful planning, 
design and engineering based on 
experience pays off for the user. 





Write for 
Bulletin 430 





PEABODY ENGINEERING CORPORATION 


580 FIFTH AVENUE, NEW YORK 36, N. Y. 
OFFICES IN PRINCIPAL CITIES 
PEABODY LIMITED @ LONDON, $.W. 1, ENGLAND 





With mechanical draft fons especially, 
first cost is not the major consideration. Economy is 
measured by your investment over the long pull 

That's why Clarage fans enjoy such a high standing 
in power production. Here's equipment designed and 
constructed to take punishment in stride. Wheels 
shofts, housings, bearings all are built above and 
beyond the demands of average service 

You can install Clarage equipment with confidence 
that operating and maintenance costs will be at an 
absolute minimum. Hundreds of Clarage fans in con 
tinuous service for 30 years and longer testify to that! 

Have us put the facts in your hands. Request 


catalogs on Clarage Type RT induced and forced 


YOU CAN RELY ON draft fans . Type W, Classes Ill and iV forced 
| 7. RE A ¢ > draft fans Type NH, Class ll-A forced draft fans 
CLARAGE FAN COMPANY, Kalamazoo, Michigan. 


SALES ENGINEERING OFFICES IN ALL PRINCIPAL CITIES @ IN CANADA: Canada Fons, itd., 4285 Richeliew St., Montrea! 
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One of a Series 


POPPET TYPE » 
VALVE 





Here is the simplest and most reliable method 
of controlling the flow of steam or air in a 
the Diamond Poppet Type Valve. 
It opens quickly . . . closes quickly and posi- 
tively without critical adjustment. Its rugged 
construction assures long life with minimum 
maintenance. Disc and seat are readily acces- 
sible for inspection and service. The valve has 
built-in adjustable pressure control to permit 
easy adjustment of blowing pressure for each 


blower... 


LANCASTER, OHIO 


Keatons Why DIAMOND BLOWERS 


Assure 


CLEANER BOILERS 


at LOWER 
COST 


individual unit . . . there is no throttling in 
valve seat. Check the many other features of 
the exclusvie Diamond Poppet Type Valve as 


indicated on the sectional view above. 


Diamond Blowers perform better because 
they're built better. The Diamond Poppet Type 
Valve is one of many reasons why they 
provide better cleaning at lower cost. Write 
for new catalog on Diamond Blowers. 


DIAMOND POWER SPECIALTY CORPORATION 
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centrifugal ree 


s the leading nam 


from all types 


No other mechanical recovery equipment has so 


many years of fly ash recovery experience behind it 


... or has such uniformly high collecting efficiency 


...0or provides so many other money-saving, space- 


saving advantages as MuLTICLONE. The four advan- 


tages outlined below are by no means the complete 


MULTICLONE story, but are typical of the vital savings 


found exclusively in MULTICLONE equipment. . . 


In fly ash recovery 


MULTICLONE 





COLLECTORS 


and only Multiclones 
give vital advantages 
like these... - 











Long and 














FREE INFORMATIVE BOOKLET 

This 32 poge booklet outlines the basic principles of 
centrifugal dust recovery and shows the many ways 
MULTICLONE odvantages ossure higher recovery at 
lower overall costs. A free copy of this booklet will 
giodly be sent on request. Write today! 


Before you decide on ony recovery equipment be sure to get complete infor- 
mation on MULTICLONE odvantages. A letter, wire or phone call to our nearest 
office places this informotion in your hands without obligation. Get ol! the 
fects and you will get MULTICLONE Collectors! 


Uniformly High Recovery: 
MULTICLONE’Ss multiple sma 
diameter tubes—made possible 
by its exclusive vane design— 
whirl the dirty gases with greater 
centrifugal force, thus throwing 
out not only the large, medium 
and small particles, but also a 
high percentage of the extremely 
small particles of 10 microns and 
less. This, coupled with the fact 
that there are no pads or filters 
to become choked with recovered 
material, results in a more com 
plete recovery of all suspended 


"ii 


materials from the gas stream 


Maximum Adaptability 

In addition to its unusual com- 
pactness, the MuLTICLONE is also 
unusually adaptable to various 
installation requirements. Where 
head room is low it can be in- 
stalled with side-inlet side-outlet 
connections. Where side clear 
ances are restricted, it can be in 
stalled with side-inlet top-outlet 
connections. In addition, without 
changing capacities, the 
of the unit can be varied —long 
and narrow, short and wide, or 
square—to fit restricted spaces 
.«. and its single-inlet sing| 

outlet duct requirements permit 
greater flexibility and simpler 
installation. These savings slice 
installation costs, space require- 
ments and insulating expense. 


shape 


WESTERN 
= 


CORPORATION 


A'D MANUFACTURERS OF EQUIPMENT FoR 
OF “A SPENOED “4 TERIALS PROM 


COLLECTION 


Space-Saving Compactness: 

Plant space costs money —so be 
sure to check space requirements 
carefully. As shown in the ac- 
companying chart, the Mu ttt- 
CLONE requires less floor space 
and less cubic space than any 
other unit of comparable capac- 
ity and performance. Translate 
these savings into today’s high 
costs for plant space and you 
readily see the great importance 
of this one MULTICLONE advan- 


1 

lage alone! Relative 
Space Requirements 
Make fn Ft. In Cu. Ft 


Collector A 2.1 1.8 


3.9 


Minimum Maintenance: 


The MULTICLONE | __ 
has no high speed | 
moving parts to re-——-;=== 
pair or replace... | 

no pads or filters to | 
clean or renew... 
nothing to choke the 
gas flow or increase 
draft losses as suspended mate- 
rials are recovered. MULTICLONE 
draft losses remain uniformly 
low at all times. Further, the re- 
covered material from an entire 
bank of tubes is collected in a 
single hopper—far easier to 
service and maintain than the 
multiple hoppers of conventional 
cyclone units. 


\ 


‘tati 
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